AMERICAN SOCIETY 


O 


NAVAL ENGINEERS 


Volume 69 


# 
= 
& 
aie 
% 
I 
fit 
= 
3 


Presidents of the 
AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 


REAR ADMIRAL ALBERT G. MUMMA, U.S. NAVY 


Past Presidents 


1889-90 Chief Engineer Nathan P. Towne, U. S. Navy 1927 Rear Admiral John Halligan, U.S. Navy 
1891 Past Assistant Engineer G. W. Baird, U.S. Navy 1928 Captain E. L. Bennett, U. S. Navy 


1892 Chief Engineer David Smith, U.S. Navy 
1893-94 Chief Engineer H. Webster, U.S. Navy 
1895 Chief Engineer James H. Perry, U.S. Navy 
1896 Chief Engineer E. D. Robie, U.S. Navy 
1897 Chief Engineer David Smith, U.S. Navy 
1898-99 Chief Engineer H. Webster, U. S. Navy 
1900 Commander H. Webster, U.S. Navy 
1901-02 Commander C. W. Rae, U. S. Navy 
1903 Lieutenant Commander W. M. Parks, U.S. Navy 
1904 Rear Admiral John D. Ford, U.S. Navy 
1905 Commander A. F. Dixon, U.S. Navy 
1906 Commander A. B.Canaga, Navy 
Commander B. C. Bryan, U.S. Navy 
1908 Commander R. S. Griffin, U.S. Navy 
1909 Rear Admiral John K. Barton, U.S. Navy 
1910-11 Engineer-in-Chief H.I. Cone, U. S. Navy 
1912-13 Captain R, S. Griffin, U. S. Navy 
1914 Rear Admiral J. R. Edwards, U.S. Navy 
1915 Captain S. S. Robison, U. S. Navy 
1916 Captain C. W. Dyson, U.S. Navy 
1917-18 Captain H. P. Norton, U.S. Navy 
Rear Admiral H. P. Norton, U. S. Navy 
Rear Admiral C. W. Dyson, U. S. Navy 
Captain A. J. Hepburn, U. S. Navy 
Rear Admiral C. W. Dyson, U. S. Navy 
1923-24 Captain J. T. Tompkins, U.S. Navy 
1925 Rear Admiral C. F. Hughes, U.S. Navy 
1926 Rear Admiral M. M. Taylor, U.S. Navy 


*Mames in italics deceased 


1929-30 Rear Admiral H. E. Yarnall, U. S. Navy 

1931 Rear Admiral S. M. Robinson, U. S. Navy 

1932 Rear Admiral F. B. Upham, U.S. Navy 

1933 Rear Admiral Wm. A. Moffett, U.S. Navy 

1933. Rear Admiral E. J. King, U.S. Navy 

1934-36 Rear Admiral William H. Standley, U. S. Navy 
Rear Admiral Alfred W. Johnson, U. S. Navy 
Rear Admiral Harold G. Bowen, U. S. Navy 
Rear Admiral S. M. Robinson, U. S. Navy 
Rear Admiral Henry Williams, U. S. Navy 
Captain Claud A. Jones, U. S. Navy 
Rear Admiral Herbert S. Howard, U. S. Navy 
Rear Admiral J. J. Broshek, U. S. Navy 
Rear Admiral C. L. Brand, U.S. Navy 
Rear Admiral E. W. Mills, U. S. Navy 
Rear Admiral Harvey F. Johnson, U.S.C.G. 
Rear Admiral C. W. Styer, U. S. Navy 
Rear Admiral Roger W. Paine, U. S. Navy 
Rear Admiral Harvey F. Johnson, U.S.C.G., Ret. 
Rear Admiral T. A. Solberg, U. S. Navy 
Rear Admiral F. E. Haeberle, U. S. Navy 
Rear Admiral David H. Clark, U.S. Navy 
Rear Admiral Louis Dreller, U. S. Navy, Ret. 
Rear Admiral T. C. Lonnquest, U. S. Navy 
Rear Admiral Homer N. Wallin, U. 8S. Navy 
Rear Admiral Evander W. Sylvester, U. S. Navy 
Rear Admiral W. D. Leggett, Jr., U. S. Navy 
Rear Admiral F. R. Furth, U. S. Navy 
Rear Admiral Kenneth K. Cowart, U.S.C.G. 


a 

4 f 

a 
= 
on 

x 


| 


JOURNAL 


of 
he Americ of ines, Me. 


PUBLISHED QUARTERLY 


UNDER THE SUPERVISION OF THE COUNCIL 


Rear Admiral A. G. Mumma, U.S.N., President 
Mr. JoHN B. ARMSTRONG 
Captain KenNnetH A. Ayers, U.S.N.R. 
Captain JosepH A. Hartman, U.S.N.R. 
Rear Admiral L. V. Honstncer, U.S.N. 
Captain Perer Horn, U.S.N. 
Rear Admiral B. E. Mansgau, U.S.N. 
Captain R. D. Scumiptman, U.S.C.G. 
Mr. THomas H. SHEPARD, JR. 
Captain E. A. Wricut, U.S.N. 


Captain J. E. Hamixton, U.S.N. (Ret.) , Secretary-Treasurer 


SIXTY-NINTH YEAR 


AUGUST, 1957 


pen 
Gree 
: 
q 
j 
| 
a VOL. 69 Pe NO. 3 = 


Published Quarterly at Washington, D.C., by The 
American Society of Naval Engineers, Inc. 


Entered as Second Class Matter at the Post Office 
at Washington, D.C., and at Nashville, Tenn. Accept- 
ance for mailing at special rate of postage provided 
for in Section 1103, Act of October 3, 1917, authorized 
on July 3, 1918. 


Subscription Rates for Non-Members 


The subscription price of the JouRNAL, postpaid to 
points in the United States and possessions is $9.00. 
Single copies, $2.25. To other countries, $20.00. Single 
copies, $5.00. All subscriptions payable in advance. 


Make checks, drafts and postal money orders pay- 
able to THE AMERICAN SOCIETY OF NAVAL 
ENGINEERS, INC. 


Advertising rates will be furnished on application. 


Addresses will be changed at any time, but only 
upon notification. Immediate notice should be given 
of any delay in the receipt of the JouRNAL. 


Address all communications for the Society to 


THE AMERICAN SOCIETY OF NAVAL 
ENGINEERS, INC. 


Suite 1004, Continental Building 
1012 14th Street, N.W. 
Washington 5, D.C. 


The American Society of Naval Engineers, Inc., 
has no official connection with the Navy Department. 


| 

| 

4 

4 

| 

| 

| 


TABLE 
of 
CONTENTS 


The U. S. Naval Radiological Defense Laboratory: An Insurance 
Policy for the Atomic Future 
Carramy A. USN GREER): ces 


The Influence of Weapons on Modern Strategy 


Sustaining an Air-Atomic Navy 
U. S. Naval Institute Proceedings May, 1957 ... 


Aluminum Bronzes for Marine Applications 


Technical Progress in Shipbuilding During 1956 
The Ship-Builder and Marine Engine-Builder, January, 1957........ 


Technical Progress in Marine Engineering During 1956 
The Ship-Builder and Marine Engine-Builder, January, 1957 ...... 


Selection of Diesel Propulsion Plants For Naval Vessels 


British Naval Procedure In Relation to Fire Organization 
Transactions of the Institute of Marine Engineers, December, 1956 .. 


The Role of the Executive Today 


Deflection of Beams of Varying Moments of Inertia 


Heat Treatment of Carbon and Low-Alloy Pressure-Vessel Steels 


A Method for Waterproofing Bonded Electrical-Resistance Strain Gages 


Tanker Operation and Management 
U. S. Naval Institute Proceedings, April 1957 ....................5- 


PAGE 


413 


417 


439 


447 


453 


462 


473 


485 


. 490 


505 


dll 


515 


527 


531 


] 
|| 
a 
| 
} 
|_| 
: 

| 
|| 
| 
7 
i 
i 


PAGE 

Improving Gas Turbine Performance 

Engineering 1 March and 8 March, 1957 ...<...2222..0cccscccccscsce 537 
Sound over the Sea 

Naval Research Laboratory Nuclear Reactor 

Safety Measure for Nuclear Ships 

Design and Application of Marine-Free Piston Gas Generators 

The Marine Engineer and Naval Architect 570 
A New Standpoint in Regard to the Question of the Suitability of 

Gyroscopic Stabilization of Naval Ships 

Engineering Abstracts 


Editor: Captain J. E. Hamitton, USN (Ret.) 
Assistant Editor: Captain Rosert B. Mappen, USN 
Administrative Assistant: Mr. A. G. FessENDEN 


fale! 


Q 


Jo 


i 
E 
E 
E 
Cc 
Cc 
D 
; F 
G 
In 
| 
= 
j 
Jo 
| Ki 
| 
4 
— 


| 
| 


INDEX 


to 


ADVERTISERS 


Name Manufacturers of or Dealers in Post Office Address Page 
A 
American Brass Co. Engineering Service on Anaconda Metals Waterbury, Conn. xiii 
B 
Babcock & Wilcox Co. Marine Water-Tube Boilers, Superheaters, Air- | Room 665, 161 East 42nd St., New York 17. ii 
heaters, Economizers, Oil Burners, Refractories, N.Y. 
Seamless and Welded Tubing 
Bath Iron Works Shipbuilders and Engineers Bath, Maine ix 
Bethlehem Steel Co.: Steam Turbines, Marine Boilers, Oil Burning | 25 Broadway, New York, N.Y. vii 
Shipbuilding Division Equipment, Shipbuilders and Repairs 
Cc 
Cleveland Diesel Engine Division Diesel Engines Cleveland, Ohio iv 
General Motors Corp. 
Combustion Engineering Co. Marine Steam Generators, Bent Tube and Straight | 200 Madison Ave., New York City, N.Y. iii 
Tube Boilers, Forced Circulation Boilers, Super- 
heaters, Economizers and Air Heaters 
Cooper-Bessemer Corp., The Marine Diesel Engines 25 West 43rd St., New York, N.Y. xxii 
Crane Co. Crane Valves 836 S. Michigan Ave., Chicago, Il. xviii 
Cutler-Hammer, Inc. Electric Control Apparatus 1354 St. Paul Ave., Milwaukee, Wisc. xviii 
D 
DeLaval Steam Turbine Co. Steam Turbines 485 Nottingham Way, Trenton, N.J. viii 
F 
Foster-Wheeler Corp. World’s Largest Floating Power Plant 165 Broadway, New York, N.Y. xx 
G 
Gibbs & Cox Inc. Naval Architects and Engineers New York, N.Y. xviii 
I 
International Nickel Co. Producers of Nickel 67 Wall St., New York, N.Y. xv 
Johns-Manville Insulation, Refractory Cements, Packings, Brake | 22 East 40th St., New York, N.Y. xvii 
Linings, Asbestos Ebony for Switch and Panel 
ransite , Roofing and Shingles, Flooring 
Insulating Semel Products 
Johnson, A. & Co., Inc. Controllable-Pitch Propellor 21 West Street, New York 6, N.Y. xxiv 
K 
Kingsbury Machine Works, Inc. Thrust Bearings, Journal Bearings, Thrust Meters | Frankfort, Philadelphia, Pa. xxiv 


a 

ry 

id 

| 

i 

] 

a 

t 

j 

i 

4 

3 


Manufacturers of or Dealers in 


Post Office Address 


L 


Lukens Steel Co. 


M 


Moffitt, Lucian Q., Inc. 


N 
Newport News Shipbuilding 
and Drydock Co. 


R 


Radio Corporation of America 
Rosenblatt, M. & Son 


Ss 


Sromberg-Carlson Company 


T 


Terry Steam Turbine Co. 


U 


U. S. Industrial Chemicals Co., 
Division of National Distillers & 
Chemical Corp. 

U. S. Naval Institute 


United States Steel Corp. 


W 
Westinghouse Electric Corp. 
Wheeler, C. H. 

Y 


Yale & Towne 


All Purpose Steel, “‘T-1"" Complete Line of Alloy 
Steels 


Cutless Bearings for Stern Tubes and Struts 


Naval and Merchant Vessels 


Radio Equipment 
Naval Architects, Marine Engineers 


Electronics 


Steam Turbines 


Industrial Chemicals 


U. S. Naval Institute Proceedings 
Steel 


Supplier of Marine Equipment 


Steam Condensers, Pumps, Deck Machinery 


Industrial Lift Trucks and Hoists 


Coatesville, Pa. 


Akron, Ohio 


Newport News, Va. 


Camden, N.J. 
253 Broadway, New York, N.Y. 


Rochester, N.Y. 


Hartford, Conn. 


99 Park Ave., New York, N.Y. 


Annapolis, Md. 
Pittsburgh, Pa. 


Pittsburgh 30, Pa. 
19th & Lehigh, Philadelphia, Pa. 


525 Union Trust Bldg., Washington, D.C. 


xix 


xiii 


xiv 


xvi 


xvii 


xii 


xvii 


xxiii 


vi 


Name Page 
= 
= 
a 
i 
x, xi 
xxi 
‘ 


xix 


xiii 


xiv 


xvi 


KVii 


xii 


ciii 


xi 


‘xi 


vi 


irconium will find 

import nt place 
plant 
struction material. 


} 


i i 

i 


i 
ri 


ine 


i 

i a 


i 
ot | 
| 


i 


| 


i 
a4 


How composition affects corrosion resistance 


WHAT’S NEW ON ZIRCONIUM? 


This U.S.I. booklet gives you information 
you can use... Send for a copy! 


Today, with zirconium production trending 


sharply upward, and price downward, interest tant metals... phase diagrams of twenty binary 
in this new and unique metal is growing rapidly. alloy systems ... descriptions of several fabri- 

To answer your questions about zirconium Cation techniques. 
and its relative, hafnium, U.S.I. has prepared 


an informative new booklet — “ZIRCONIUM 
and HAFNIUM.” The booklet gives the impor- CGNIUM and HAFNIUM 


valuable in discussions and 
tant facts on these newly available metals... as a preliminary reference. 
lists important mechanical and physical prop- 


ties of zirconium compared with other impor- 


You’re sure to find “ZIR- 


For your copy, forward the 
erties of both... describes briefly the new . or just send 
semi-continuous sodium reduction process for your name on your com- 
production of zirconium and hafnium. 


pany’s letterhead. 
You’ll find the outstanding corrosion proper- 


| 
| 
| ENbustriat cuemicais co. | ,,. 
| Division of National Distillers and Chemical Corp. 
| 99 Park Ave., New York 16, N. Y. Comp | 
| Branches in principal cities Seis | 
| Please send me a copy of “ZIRCONIUM and HAFNIUM” City Zone State | 
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OUR FLAG 
SELDOM FLIES AT SINGAPORE 


Rubber-rich Malaya, in the Straits Settlements, ships millions of 
pounds of crude latex each year. Much of it is bound for the United 
States. Most of it leaves Singapore under a flag other than our own. 


We import nearly a million tons of rubber each year. Yet it is 
only one of the many strategic materials like bauxite, manganese, 
chrome—and commodities like coffee and cane sugar which we 
import every year. These vital necessities are essential to our way 
of life but are dependent upon foreign shipping. This shipping may 
be available today but we cannot expect to rely upon it tomorrow. 

Of our national imports and exports, 78 per cent arrive and de- 
part in vessels of foreign registry. We are a maritime nation with 
only a token fleet of cargo vessels, outnumbered and largely over-age. 

For our national welfare, we need American flag vessels in num- 
ber. These ships must be fast, modern, and easily convertible for 
defense. It is time we gained our rightful assurance that the vital 
necessities of our way of living can reach us at all times. 

M-385 


BABC 


The Babcock & Wilcox Company, whose 
boilers supply power to the U.S.S. Sara- 
toga, the U.S.S. Forrestal, and so many 
thousands of other American ships, is 
continuing to work in the tradition of 
engineering excellence which has made 
the U.S. A. the world’s leader in the de- 
sign and construction of merchant and 
naval vessels. 


THE BABCOCK & WILCOX COMPANY, BOILER DIVISION, 161 East 42nd St., New York 17, N.Y. 


DIVISION 
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S.S. MARIPOSA...POWERED BY C-E BOILERS... 
RE-OPENS SOUTH PACIFIC ROUTE 


The maiden voyage of the S.S. Mariposa signaled the 
re-opening of Matson Lines’ famous passenger service to 
Australia, New Zealand, and the South Pacific Islands. 
The 14,000-ton luxury liner Mariposa alternates with her 
new sister ship, the S.S. Monterey, in a 42-day cruise 
schedule out of San Francisco and Los Angeles. 

These impressive new 365-passenger liners are trans- 
formed mariner-class vessels. They have been rebuilt to 


include virtually every detail of modern shipboard com- 


fort—Gyrofin stabilizers . . . complete air conditioning .. . 
swimming pool . . . movie theatre as well as handsome 
and spacious staterooms, dining area and social rooms. 
And below decks these ships have a highly efficient, 
dependable propulsion plant which, on sea trials, drove 
the Mariposa at speeds up to approximately 25 knots. 
Combustion is proud to have supplied the boilers which 


power these fine new Matson ships. 


COMBUSTION ENGINEERING 


Combustion Engineering Building * 200 Madison Avenue, New York 16, N. Y. 


Canada: Combustion Engineering-Superheater Ltd. 


B-976 


STEAM GENERATING UNITS; NUCLEAR REACTORS; PAPER MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS; HOME HEATING AND COOLING UNITS; DOMESTIC WATER HEATERS; SOIL PIPE 
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Another Cleveland Diesel goes into service 
The GATCO ALABAMA—I1st Cleveland Diesel- 


Designed by Cleveland Diesel. 
Built by Gulfport Shipbuilding Corp., 
Port Arthur, Texas 


Powered Tug in Gulf-Atlantic 
Towing Co. Fieet 


First Cleveland Diesel-powered tug in the Gulf-Atlantic Towing 
Company’s fleet is the GATCO ALABAMA, already at work towing 
barges loaded with chemicals from Alabama through the Guif and 
around Florida’s tip to Brunswick, Georgia. 


She’s powered by a Cleveland Diesel Model 567C Diesel Engine— 
picked by Gulf-Atlantic because of its proved performance. 


If you're looking for Diesel power for your work boats, look to 
GM's Cleveland Diesel Engine Division. It’s the way to get the best 
return on your investment. 


A GOOD PRODUCT PLUS GOOD SERVICE GIVES TOP PERFORMANCE 


CLEVELAND DIESEL 


Write for your copy of the 
Diesel Times. We'll be glad 
to put you on our mailing list. 


SALES AND SERVICE OFFICES: 


Boston, Mass., 9 Commercial A 
Cambridge, Mass. Tel.: Eliot 4- 7391 


Chicago, m.. 216 West Potomac Ave., 
Lombard, Ill: Tel.: Randolph 6-9214 


Dallas, rath 9404 Waterview Road 
Tel.: Fairdale 2403 


Benstute. T. H., 3115 Diamond Head 
. Tel.: Honolulu 99-9202 


New Orleans, La., 727 Baronne St. 
Tel.: Magnolia 6761 


New York, N. Y., 10 East 40th Street 
Tel.: Murray Hill 5-4372 


Norfolk, Va., 554 Front Street 
Tel.: Madison 2-7147 


Pittsburgh, Pa., 469 Marlin Drive 
Tel.: Locust’ 1-2173 


Portland, Gee.» 3676 S. E. Martins St. 
Tel.: Prospect 1-7509 


St. Louis, Mo., 2 N. Wharf St. 
Tel.: Main 1-0642 


fea Diego, Calif., 3886 Sequoia Street 


fea Francisco, Calif., 870 Harrison St. 
Tel it 1931 


: Douglas 2- 


Seattle, 1ith Avenue, N.W. 


Tel.: Hemloc 


Wilmington, Calif., 433 Marine 
Avenue. Tel.: Terminal 4-4098 


An Engine Division of General Motors + Cleveland 11, Ohio 
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INFORMATION 
ABOUT USS STEEL 


Send the coupon for your FREE copy! 
It tells WHERE to use USS “T-1” Steel! 


WHEN to use it! HOW to use it! 

Get this newly revised 

compilation of technical 
and application data. 


It will help you design and 
work with this remarkable 
constructional alloy steel. 


REMEMBER! 


No other steel possesses ‘‘T-1’s”’ re- 
markable combination of high yield 
strength, toughness and weldability. 
Send the coupon for complete facts! 


UNITED STATES STEEL CORPORATION, PITTSBURGH 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. 

UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


ALL-NEW TECHNICAL BOOKLET! 


United States Steel 
Room 5623, 525 William Penn Place 
Pittsburgh 30, Pennsylvania 


Please send a copy of your new 
booklet, USS “‘T-1.” 


USS CONSTRUCTIONAL ALLOY STEEL 
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EFFICIENCY! 
NEW CAPACITIES 
TO 12 TONS! 


Yale Load King Hand Hoists are now available 
in new high capacities—completing the line of 
Load Kings famous throughout industry for 
Left: New 3- and 4-ton extremely high mechanical efficiencies. 


Load King. Other new 


capacities: 5, 6, = » Every hoist in this extended line has ball 
low-capacity Load bearings on all rotating shafts to keep friction 
oe = loss low. All parts are precision-tooled 


from light, high-strength alloy metals, 
FREE a a making these hoists speedy, rugged, easy to use 


3-color “Why” booklet shows Yale Load and carry. The Synchromatic Load Brake, 
ing engineerin etails in dramatic sec- 
tional views. For your free copy, write another achievement of Yale research, applies instant, 


is Dates” automatic, safe-hold brake action between pulls. 


FREILE ASSOCIATES YA L TRUCKS AND HOISTS 


525 UNION TRUST BLDG. Gasoline, Electric & LP-Gas Industrial Lift Trucks °* Worksavers 
WASHINGTON, D.C. Warehousers Hand Trucks MHand and Electric Hoists 
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The DD-936, named for 


Stephen Decatur, on her delivery trials. She was constructed by Bethlehem’s Quincy Yard. 


STEPHEN DECATUR . . . scourge of the Barbary pirates . . . architect of 
the victory of the frigate United States over the Macedonian . . . a name that is 
part of the proud heritage of the U. S. Navy. 

The builder of more than 800 ships for the Navy over the past 50 years, 
Bethlehem is part of that heritage and is grateful for the opportunity to serve 
the nation by constructing fighting ships with Names to Remember. 


we ALEHEM STEEL 
Boston Harbor New York Harbor 


Baltimore Harbor Beaumont, Texas 
Los Angeles Harbor n Francisco Harbor e e 
ee Shipbuilding Division 
SHIPBUILDING YARDS 
GENERAL OFFICES: 25 BROADWAY, NEW YORK 4, N. Y. 
Sparrows Point, Md. Beaumont, Texas On the Pacific Coast shipbuilding and ship repairing are performed by 
San Francisco Calif. the Shipbuilding Division of Bethlehem Pacific Coast Steel Corporation 
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Most modern attack-cargo ship 


LAVAL 


get 


U.S.S. Tulare is the first Mariner-type vessel to be converted 
to a naval attack-cargo ship. A De Laval main propulsion unit enables 

the Tulare to travel at a speed in excess of 22 knots. De Laval IMO pumps 
are used for fuel and lube oil service. Built by a large West Coast 
shipyard, the U.S.S. Tulare is the most modern naval vessel of its type. 


Official U.S. Novy photograph 
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DE LAVAL STEAM TURBINE COMPANY 
Trenton 2, New Jersey 
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BIRTHPLACE OF THE 
INDUSTRY IN AMERICA 


The tradition of building fine ships on 
the Kennebec began with the construction 
of the Virginia of Sagadahock in 1607, the 
first ocean going ship built by English set- 
tlers in the new world. It continues to the 
present day. 


The Bath Iron Works and its predeces- 
sor is proud to have been a part of that tra- 
dition for 124 years. 


Bath Tron 


SHIPBUILDERS & ENGINEERS BATH, MAINE 
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POWERED BY WESTINGHOUSE T 


1. Starboard: propulsion control panel 2. 10,500-hp, d-c rotor 3. Propulsion excitation m-g set 
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TO LEAD 


Operation 


This ship is conquering the toughest ice operation 
in polar history. She’s the U.S.S. Glacier, flagship for 
the Navy’s scientific expedition to the antarctic. 

The Glacier is powered by two Westinghouse 
10,500-hp motors. These single-armature, d-c 
motors have the largest horsepower rating of any 
such motors ever built. Westinghouse, a single- 
source supplier of marine equipment for over 50 
years, also designed and built the ten diesel-driven 
main propulsion generators and the control that 
co-ordinates the system, the four 500-kva ship’s 
service generators, the 100-hp, a-c motors which 


power the “heeling’” pumps and a wide variety 
of other vital equipment. 

Our engineers worked closely with the Navy and 
the Ingalls Shipbuilding Company of Pascagoula, 
Miss., to co-ordinate the design, manufacture and 
installation of this equipment aboard the Glacier. 
Westinghouse engineering assistance is at your 
service any time, anywhere for new or conversion 
work. Ask for this service by consulting your 
Westinghouse sales engineer, or by writing: 
Westinghouse Electric Corporation, P.O. Box 868, 
Pittsburgh 30, Pennsylvania. J-92002 


WATCH WESTINGHOUSE! 


WHERE BIG THINGS ARE HAPPENING FOR You! 


i 
a 
‘ 
| i 
4 
‘ 


Putting the screws on a tornado 


The supersonic wind tunnel under construction at 
Tullahoma, Tennessee, combines some of the most 
gigantic construction with some of the most precise 
electronic controls in the whole history of aircraft 
testing. 

The project simulates conditions of flight in excess 
of 16 miles altitude, from Mach 1.5 to approximately 
Mach 4.5. Some of the statistics of design are star- 
tling, even in today’s world of wonders. 

The nozzle walls of the tunnel are solid steel, 100 
feet long, 16 feet high. To reach any one of 300 master 
positions, these plates are moved by 56 huge screw 
jacks on each side—with a tolerance for error re- 
stricted to 8 one-thousandths of an inch in an 8-foot 
stroke! Each jack “talks back” electronically to 
Master Control, reporting its position. Provision is 
made for remote starting and operation by magnetic 
tape programming, set up in advance. 

Two associated companies are doing this job—the 
Electric Boat and Stromberg-Carlson divisions of 
General Dynamics Corporation. Electric Boat— 


builders of the atomic-powered submarines, Nautilus, 
Seawolf and Skate—has overall responsibility, will 
supply the jacks and design the servo mechanisms. 
Stromberg-Carlson is to create and build the digital 
computer system for the electronic controls. 

This project—combining heavy, giant-size, accu- 
rate “machinery” with electronic systems of a com- 
plex, automated nature—is typical of the service 
which General Dynamics divisions offer. 


Sketch of the project, being built by the U.S. Army Engi- 
neers for the U.S. Air Force, Arnold Engineering Develop- 
a Center. Circled area '!ocates the special walls and 
nozzle. 


STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


General Offices and Factories at Rochester, N. Y.—West Coast plants at San Diego and Los Angeles, Calif. 
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ADVERTISEMENTS 


CONDENSER TUBE CLINI 


ARTHUR W. TRACY, Metallurgical Engineer, 
The American Brass Co., Waterbury, Conn. 


Some operating factors that affect tube life 


COMPOSITION OF THE COOLING WATER 


The quantities of cooling water used 
in condensers preclude any treatment 
to make the water less corrosive, ex- 
cept where the water is recirculated. 

In general, however, plants located 
inland will have relatively noncorrosive 
cooling water. Plants situated on tide- 
water will have corrosion problems, 
especially if the water is polluted with 
industrial or domestic sewage and con- 
ditions are such that organic matter in 
the sewage can ferment under anaero- 
bic conditions, with the consequent 
formation of sulfides. Water in an en- 
closed harbor or dead-end channel, 
where the water is more or less stag- 
nant, is particularly subject to infesta- 
tion by anaerobic bacteria. 


PREVENTIVE MAINTENANCE 
Frequent cleaning of tubes to remove 
slimes containing bacteria and the 
simultaneous removal of sulfide scales 
will increase tube life. Chlorination of 


polluted water at frequent intervals, 
or periodically filling the water spaces 
in the condenser with chlorine gas, will 
not only remove the slimes but may 
also aid in breaking down the un- 
wanted sulfide films which have 
formed on the inner walls of the tubes. 


MEDIA BEING COOLED OR CONDENSED 


It is not usually possible to change the 
corrosive properties of products being 
handled in the process industries. The 
venting of noncondensable gases, how- 
ever, will markedly increase tube life. 
This is particularly true on the steam 
side of boiler feed-water heaters and 
other steam-heated equipment where 
accumulations of oxygen, carbon di- 
oxide, and ammonia can cause rapid 
failure of condenser tubes. 


TEMPERATURE 
The corrosion rate of metals usually 
increases with increasing temperature. 
At low water velocities, the formation 


of gas bubbles on the water side of a 
tube can initiate pitting which may 
continue even after the bubble has dis- 
appeared. In such cases, a judicious 
increase in water velocity will insure 
longer tube life, provided the velocity 
is not increased to a point where im- 
pingement corrosion can occur. 


TECHNICAL HELP IN SELECTING TUBES 


Your situation may require special con- 
sideration and analysis. We are always 
ready to help and advise in the selec- 
tion of the right alloy to give best serv- 
ice. Address: The American Brass 
Company, Waterbury 20, Conn. In 
Canada: Anaconda American Brass 
Ltd., New Toronto, Ont. 57868 


ANAaconDA’ 


Tubes and Plates for 
Condensers and Heat Exchangers 
Made by 
THE AMERICAN BRASS COMPANY 


CUTLESS BEARINGS 


Stern Tubes and Struts 


expense. 


LUCIAN Q. MOFFITT, INC. 


Akron, Ohio 
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Soft rubber bearing surface—efficiently lubricated by water— this bearing far outlasts all hard surtace types, protects 
propeller shafts, reduces vibration. More than pays for itself in extra wear alone. Saves you time, trouble, and upkeep 
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A Mechanical drawing class 
of Apprentice School 
students at Newport 
News. Those who excel 
advance to the technical 
drafting departments. 


€ Shop training scene which 
shows an apprentice 
shaping a small die ona 
shaper, indicates how 
students are thoroughly 
trained. 


_—How Skills are born... 
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at Newport News 


Newport News utilizes the skills of almost every 
known trade... 

And for the past three and a half decades, this 
Company’s Apprentice School has furnished 
substantial numbers of the trained leaders and 
skilled craftsmen who make outstanding ships 
the tradition of Newport News. 

This school’s faculty ... including experts for 
both shop practice and academic subjects... 
provides instruction equivalent to a Junior College 
education during four and five year courses. 

Graduates numbering some 2200 skilled workers 
in 20 separate crafts comprise one more reason 
why quality identifies everything produced 
at Newport News. 


Newport News 


Shipbuilding and Dry Dock Company * Newport News, Vai 


e 
8 


Saves in handling ore: Auto- 
matic unloaders carry ore off NBC ships. 
Monel* alloy pins keep sheaves running 
free. And Monel ALEMITE® grease fit- 
tings in the pins lubricate moving parts. 
Inside the holds, the gates that control 
the flow of ore swing on Monel hinge pins. 


National Bulk Carriers states 


“Monel—a proven money-saver 


in every division of our ships” 
| 


Saves on deck: Large Monel alloy 
nuts and bolts secure hatches on many 
NBC ships. Why Monel alloy? Because 
these fastenings resist marine corrosion 
...don’t “freeze up.” NBC finds Seagoin’* 
Monel alloy the best material for parts ex- 
posed to salt-air and salt-spray corrosion. 


Saves in handling oil: The top- 
side sections of reach rods that control 
flow of oil on tankers are Monel nickel- 
copper alloy. Shafts and shaft sleeves 
in fire pump, main and auxiliary circulat- 
ing pumps, ballast pump and many other 
pumps subject to salt water and other 
corrosive material and severe wear are 
also Monel alloy. NBC finds that rugged 
Monel shafting and sleeves last very 
much longer. 


Saves in ship-handling: Here’s 
S.S. Ore-Convey’s anchor windlass. Its 
smaller shafts are Monel alloy. Its guide 
blocks and several of its lubricating fit- 
tings, too. The wear resistance of Monel 
alloy greatly adds to part life. In NBC 
tugs, propeller shafts are Monel alloy. 


And below decks: National Bulk 
Carriers standardizes on long-lasting 
grease fittings of Monel nickel-copper 
alloy. In feedwater heaters ... in salt 
water evaporators ... valve stems... 
valve trim and in many other engine 
room services . . . Monel alloy outper- 
forms other metals. 


When you need a strong, corrosion-re- 


iXCo Seagoin’ NEL 2//oy sistant metal to give long, trouble-free ser- 


vice at sea, choose Seagoin’ Monel alloy. 


The International Nickel Company, inc. 
67 Wall Street New York 5, N. Y. 


*Monel and Seagoin' are registered trademarks of The International Nickel Company, Inc. @ Stewart-Warner Corporation 
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In the radio room of the aircraft carrier Saratoga, 
operators work with RCA communication receivers. 


Photos courtesy of U. S. Navy 


TO OUR NAVY AND COAST GUARD 
RCA MEANS ELECTRONICS... RADIO, RADAR, FIRE 
CONTROL, MISSILE AND COMMUNICATIONS 
| SYSTEMS. WHEREVER A SHIP MAY BE, 
SHE IS NEVER OUT OF TOUCH. 


DEFENSE ELECTRONIC PRODUCTS 


RADIO CORPORATION of AMERICA 
CAMDEN, N. J. 


Tmk(s) ® 


ADVERTISEMENTS 


i Materials for 
JM MARINE SERVICE 


Incombustible Joiner Materials Acoustical Materials 
Ebony for Switch and Panel Boards + Structural Insulations 


and Engine Room Insulations + Packings + Gaskets 


Johns-Manville | 
- Box 290, New York 16, N.Y 


NAVAL ARCHITECTS 
MARINE ENGINEERS 


350 BROADWAY, NEW YORK 7, N.Y. 
BEEKMAN 3-7430 


Me Parry SURBINE 


Terry Marine Turbines are dependable, compact, effi- 
cient machines especially designed for driving gener- 
ators, boiler feed pumps, fuel oil pumps, compressors, 
etc. aboard ship. They offer the advantages of over 
fifty years experience in the Marine Field on both 
Commercial and Naval Vessels. 

Turbines ranging from 5 to 3000 H.P. are built in 
the Terry Solid Wheel design as well as in the Axial 
Flow, single stage and multistage types. 

Complete details on any turbine application will be 
gladly furnished. 


THE TERRY STEAM TURBINE COMPANY 
P. ©. BOX 1200 HARTFORD 1, CONNECTICUT 


T-1190 
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ADVERTISEMENTS 


“OIL TO ATOMS” 


brings this new look in valves 


This is the type of valve found in the engine rooms of the 
Nautilus and the Seawolf, and in Navy’s plans for added 
atomic-powered construction. The valve design and applica- 
tion are new, but the brand is well known for dependability. 

From the start of nuclear power development, Crane was 
ready for the problems of controlling radioactive fluids. 
Crane had the skill in valve metallurgy and engineering. 


== Crane had the background in quality production. 


Today ... tomorrow ...as atomic power grows, you can 
count on Crane to meet Navy’s needs. Your inquiry is invited. 


PIPE e KITCHENS e PLUMBING ¢ HEATING 
Since 1855—Crane Co., General Offices: Chicago 5, Ill. Branches and Wholesalers Serving All Areas 
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PROVEN IN SERVICE 


For 65 years, Cutler-Hammer, Pioneer 
Electrical Manufacturer, has furnished 
dependable control to all departments 
of the United States government. Built 
to specifications ... backed by an out- 
standing record of performance. 


CONTROL APPARATUS 
FOR ALL MARINE USES 
Motor Control for Every Service, Ventilating 


Fans, Pumps, Cargo Winches, Capstans, 
Windlasses, Laundry Machines, etc. 


Magnetic Brakes Rheostats 
Motor Operators for Valves Pressure Regulators 
Limit Switches Magnetic Clutches 
Solenoids Pushbuttons 


CUTLER-HAMMER, Inc., 1354 St. Paul Avenue, 
MILWAUKEE 1, WIS. 


ICUTLER- HAMMER 
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NAVAL ARCHITECTS 


AND 


MARINE ENGINEERS 


NEW YORK 
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SPECIAL STEELS FOR A SPECIAL LADY 


w The vast hull of the new supercarrier, U.S.S.Saratoga, rises from a keel of Lukens 
high tensile steel plate. Lukens armor plate protects her flanks. Lukens alloy steel 
forms vessel walls in her vital hydraulic system — holds back the terrific pressure of 
her boilers. And drums faced with Lukens clad steel stand ready to brake her main 
shaft. Important jobs in shipbuilding, as in equipment building, often call for the wide 
variety of special steels .. . and the specialized knowledge . . . Lukens has to offer. 
Fabricators have long benefited by teaming up with Lukens. This has been going on 
in shipbuilding, for example, since 1825 when Lukens delivered the plates for the 
Codorus, first iron-hulled steamship ever built. 


World's Leading Producer of Specialty Carbon, Alloy, Armor & Clad 
LUKENS STEEL COMPAN Y, COATESVI LLE, PA. Steel Plate ¢ Plate Shapes ¢ For Qualified Equipment Builders . &, 
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FW Powered 


MORE NEW NAVY SHIPS 


for dependability and economy 


First of its class 
now under construction 


Nava power is steam power. And this service, 
more than any other, demands the last word in 
steam-plant dependability. To increase cruising 
range, boiler efficiency is also important. 

On both counts, Foster Wheeler D Type steam 
generators have achieved an enviable perform- 
ance record, That’s why they are used on so many 
different types of vessels—from destroyers to air- 


craft carriers —tugs to tankers — ferries to pas- 
senger ships. 

Foster Wheeler means proved reliability and 
efficiency—not only in steam generators, but in 
condensers, economizers and other marine auxil- 
iaries as well. Foster Wheeler Corporation, 165 


Broadway, New York 6, N. Y. 


FOSTER WHEELER 


NEW YORK ¢ LONDON 
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The U.S.S. Forrestal (above) and the U.S.S. Saratoga are both fitted with equipment engineered and built by C. H. Wheeler. 
The U.S.S. Ranger, the U.S.S. Independence and the U.S.S. Kitty Hawk, now under construction, will also be Wheeler-equipped. 


SUPERCARRIERS NEED EQUIPMENT 


The nation’s two new “‘super-equipped”’ super- 
carriers now afloat, the U.S.S. Forrestal and 
U.S.S. Saratoga, contain marine machinery 
custom-engineered and precision-built by C. H. 
Wheeler. The three supercarriers which are now 
under construction, the Independence, the 
Ranger and the Kitty Hawk, will also use 
Wheeler equipment. 

On the Saratoga are two Wheeler Marine 
Condensers, which in combination with newly- 
designed turbines, develop 200,000 horsepower 
to drive this beautiful 60,000-ton supercarrier 
in excess of 30 knots. Wheeler Anchor Wind- 
lasses, Ordnance Elevators, Capstans, Winches, 
Auxiliary Gland Exhaust Condensers and Dis- 
tilling Plant and Vacuum Drain Ejectors are 
also installed on the 1,040-foot Saratoga. 


Marine Division 


Vacuum Drain Tank Ejector, Main Condenser (forward) on es s 
built by Wheeler, which has been U.S.S. Saratoga. Nearly all C:H-Wheeler Mf g Co 

ister shi .S.S. Forresta submarines and supercarriers— 
have Wheeler equipment aboard. 19TH & U 


Philadelphia 32, Pennsylvania 
Marine Condensers, Ejectors, Pumps and Auxiliary Machinery + Steam Condensers + Vacuum Equipment + Centrifugal, Axial and Mixed Flow Pumps + Nuclear Products 
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ADVERTISEMENTS 


Cooper-Bessemer 


power...noted for> 


EFFICIENCY. 


ECONOMY 


Cooper-Bessemer heavy- 
duty diesel engines fur- 
nish dependable power for 
Navy and Coast Guard 
vessels ranging in size 
from large combat ships 
to relatively small patrol 
boats. Marine men every- 
where have respect for the 
smooth, fast response, and 


GENERAL OFFICES: MOUNT VERNON, OHIO 


high over-all operating 
efficiency which are stand- 
ard with every Cooper- 
Bessemer Diesel engine. 
Find out for yourself the 
new things now being 
done by one of America’s 
oldest engine builders. 
Write for detailed infor- 
mation. 


ENGINES: GAS - DIESEL - GAS-ONESEL 
AND 


ENGINE OR MOTOR DRIVEN 


XxXii 
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S ADVERTISEMENTS 


Here Is your authoritative 
Source... 


For information on the advances 


STATES 
NAVAL INSTITUTE 


PROCEEDINGS 


in professional, scientific 
and literary knowledge in 
the Navy and related services 


and professions . . . 


Members of THE AMERICAN SOCIETY OF NAVAL ENGINEERS should read the 


United States Naval Institute Proceedings 


for pleasure and profit. The issues contain anecdotes and reminiscences, 
incidents from history and essays on Navy topics, technical articles and 
treatises on Naval developments and progress, book reviews and discus- 
sions, and international and professional notes. Membership dues (including 
PROCEEDINGS), $3.00 a year. Subscription rate, $5.00 a year. (Foreign 
postage, $1.00 extra.) Single copies 50 cents (except some scarce issues). 


MAIL THIS MEMBERSHIP APPLICATION...TODAY! 


U.S. NAVAL INSTITUTE - Annapolis, Maryland Date. 
| hereby apply for membership in the U. S. Naval Institute and enclose $3.00* in payment 
of dues for the first year, the PROCEEDINGS to begin with the ____....-§-_-_issue, 
lam a citizen of and understand 
that members are liable for dues until the date of receipt of their written resignations. 
NAME: (Signature) 
(Print) 
ADDRESS. 


PROFESSION: 


* $4.00 if residing outside of U. S., its possessions or territories. 
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ADVERTISEMENTS 


THE NAVY’S CHOICE FOR 40 YEARS 


Kingsbury Machine Works, Inc. Kipsecy Frankford, Philadelphia 24, Pa. 


only the Ka Me Wa 


CONTROLLABLE-PITCH PROPELLER 
has proven its EFFECTIVENESS 
and DEPENDABILITY 
on so many different sizes 
and types of vessels 


world-wide service in: 
More than 300 installations now on 


TRAWLERS TANKERS 
Standard sizes from TUGS CARGO LINERS 
500 to 15,000 SHAFT HORSEPOWER TOWBOATS PASSENGER SHIPS 
for both diesel and turbine ships available in FERRIES NAVAL VESSELS 
3 and 4 Bladed Models and ICE BREAKERS 


and other information 


= 21 West Street, New York 6, N. 
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(Under whose supervision this number is published) 
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Captain J. E. Hamitton, USN (Ret.), Secretary-Treasurer 


SECRETARY’S NOTES 


Council Meetings 

The Council in 1957 has been extremely active. 
This Council took charge at a time which has been 
deemed to be the end of a Society development pe- 
riod and the beginning of a period of stability. This 
has required active consideration of several impor- 
tant matters which are reported separately below. 


Annual Dues 

The Council recommends very strongly that the 
annual dues of the Society be increased from $7.50 
to $10.00. This matter is included in a ballot for 
changes in the By-Laws which is out before the 
members now. 


Included in the Association Notes are financial 
statements for 1955 and 1956. It will be noted that 
a substantial loss was sustained each year. As a 
matter of fact, since World War II the rather sub- 
stantial reserve which was built up by the increased 
circulation during the war has been reduced by 
about $30,000.00. This was done advisedly by the 
Council. 

In 1950 the members approved an increase in 
dues from $5.00 to $7.50, the first change since the 
Society was founded in 1888, This was done to offset 
increased costs at that time. A form of economic 
stability appeared to be forming in 1950 and it was 
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believed that this increase would stabilize the So- 
ciety’s finances. 

This now proves to have been a too optimistic 
view. Since the North Korean attack in June, 1950, 
along with other upsetting influences, prices have 
continued to rise and although the rate of rise has 
declined, the upswing is still with us. This issue of 
the JouRNAL is printed on the same grade of paper 
which we have been using but it is the costliest 
paper we have ever used since a new price increase 
became effective in June. 

In addition to rising costs, the Council has initiat- 
ed certain things which are consonant with the aims 
of the Society but each of which costs money. These 
are, and we feel sure that the membership favors all 
of them: 

Improved size and format of the JouRNAL 

Junior Membership 

A.S.N.E. awards to graduates of Service 
Academies. 

More costly than any of the things mentioned, the 
Society was forced to rent offices, a thing which was 
not necessary before 1955. This one item costs the 
members about $1.00 each per year. It was neither 
planned nor expected in 1950. 

We believe that the membership will approve the 
increase in dues, which are certainly justified if the 
Society is to continue to exist at its present level of 
operation. The ballot count in September will settle 
this issue. 


Changes in the By-Laws 

As reported in the May issue, the President ap- 
pointed a committee to “modernize” the By-Laws. 
Several changes which had been approved had 
never been printed in the By-Laws. As a matter of 
economy, the last printing of these was in 1952, 5 
years ago. It was felt that a new printing was in 
order, but that before this was done, the By-Laws 
should be examined carefully to assure that they 
really represented the 1957 American Society of 
Naval Engineers. 

The committee composed of Rear Admiral L. V. 
Honsinger, U.S.N., as chairman, with Captains Jo- 
seph A. Hartman, U.S.N.R. and E. A. Wright, 
U.S.N., as members, considered the By-Laws very 
thoroughly and rendered a complete report to the 
Council. The Council, after full consideration, ap- 
proved a list of proposed changes which are con- 
tained in a ballot now before the members. Pre- 
viously approved changes and some clerical im- 
provements will be entered in the By-Laws, along 
with such of the newly proposed changes as are ap- 
proved, and a new printing will be made and dis- 
tributed, if possible, with the November, 1957, issue 
of the JOURNAL. 


Society Investments 

The committee which was appointed to study and 
recommend on Society investments has been con- 
tinued. It was originally an ad hoc committee but 
has now been made the Society’s first and only 
standing committee. 
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This committee is established to keep a continu- 
ing review on the Society’s investments. Specifical- 
ly, its first task was to reach a decision on the in- 
vestment of $12,000.00, which became available on 
maturity of Government, Series G, bonds in which 
it had been invested. Three of the strongest stocks, 
two common and one preferred are being purchased 
with this money. 


Annual Banquet 


The Council decided that there would be an an- 
nual banquet in 1958, and that the date would be 
Friday, 2 May, 1958. The location will be the Hotel 
Statler, Washington, D.C. Ratio of non-member 
guests to members will be one to two as in 1957. 
Other details remain for a Banquet Committee to 
work out. 


Scciety Awards 


U. S. Coast Guard Academy 


On 1 June, 1957, Captain George M. Phannemil- 
ler, U.S.C.G., representing the Society, presented 
the 1957 A.S.N.E. award to the Cadet member of 
the graduating class who was deemed most profi- 
cient in Power Engineering. The winner of the 
award was Cadet John B. Lynn of Clinton, Iowa. 
The following photograph shows Captain Phanne- 
miller making the presentation to Cadet Lynn. 


U. S. Naval Academy 


On 5 June, the Assistant Secretary-Treasurer of 
the Society, Captain Robert B. Madden, U.S.N., 
represented the Society in making its award at the 
U. S. Naval Academy. The award was won by Mid- 
shipman Franklin F. Alvarez of Monterey Park, 
California. 
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U. S. Merchant Marine Academy 


On 1 August 1957, Mr. Arthur G. Fessenden, Ad- 
ministrative Assistant of the Society presented the 
ASNE award for 1957 to Engineer Cadet John A. 
Greiner of Malvern, N.Y. 

Cadet Greiner’s selection was based on his out- 
standing performance in engineering subjects and 
his potential as a superior Naval Engineer. 

The following photograph shows Mr. Fessenden 
making the presentation to Cadet Greiner. 


Brand Award 


The annual award which is made by Mrs. Charles 
L. Brand in the name of her late husband, the 1944 
President of the Society, to the Naval Officer who 
stands first in Course XIII at the Massachusetts 
Institute of Technology was won in 1957 by Lieu- 
tenant Charles D. Crowley, U.S.C.G., who is a 
member of the Society. The award was made for 
Mrs. Brand by Professor L. Troost at M.LT. 


The Lamb Award 


We have received the accompanying photograph of 
the Lamb Award which was announced in the May 
issue. The award was made for 1957 to Ensign Wil- 
liam Soland Vorhaben, U.S.N.R., who, of the 1957 
graduates who accepted a commission in the U. S. 


Ensign William Soland Vorhaben, USNR. 


Navy, had the highest combined mutiples for the 
Departments of Mathematics, Electrical Engineering 
and Marine Engineering. 


Errata 


This error to be reported can be blamed on no 
one but the Editor, personally. The nature of it will 
explain why we are embarrassed. 

Under Changes in Membership in the May issue 
we listed 

“Mr. John M. Kirschner as 

Manager, Washington Office, 

Tube Division 

Westinghouse Electric Corporation” 
The only mistake in this is that, instead of the com- 
pany which we gave, Mr. Kirschner is 

Manager, Washington Office, 

Tube Division 

Radio Corporation of America 

The address, 1625 K St., N.W., Washington 6, 
D. C., fits both companies. 


Announcements 
“National Science Foundation publications are 
available to all scientists who have need for them. 
Lists of publications are available from the Founda- 
tion. Requests should be addressed to the Publica- 
tions Office, National Science Foundation, Wash- 
ington 25, D.C.” 
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Official U. S. Navy Photo 
USS Nautilus (SS-571) The Navy’s First Atomic-Powered Submarine on its initial sea trials. 


Officia! U. S. Navy Photo 

Bow diving planes, normally located on the submarine hull, will be attached to the conning tower of the Navy’s newest nu- 

clear sub, Skipjack now being built by General Dynamics Corporation’s Electric Boat Division in Groton, Connecticut. This 

first artist conception shows the way the Skipjack will appear traveling submerged at unprecedented sustained speed. The 

Skipjack is the first atomic sub designed from the keel up for continuous underwater operations and the newly positioned 

diving plans will contribute to her stealth and improve her maneuverability. Another feature which leans toward the air- 
plane design is the one-man “Joy Stick” control system. 
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THE U.S) NAVAL RADIOLOGICAL DEFENSE 
LABORATORY: AN INSURANCE POLICY 


CAPTAIN ROBERT A. HINNERS, USN, Retired 


FOR THE ATOMIC FUTURE 


THE AUTHOR 
is head of the Luckenbach Graduate School of the Webb Institute of Naval 
Architecture. He graduated from the U.S. Naval Academy in 1927 and com- 
pleted the postgraduate course in Naval Construction at Massachusetts Insti- 
tute of Technology in 1932. After various assignments concerned with design, 
construction, conversion and repair of naval vessels he served in a research 
administrative capacity at the David Taylor Model Basin and in the nuclear 
field as head of the Defense Division of the Armed Forces Special Weapons 
Project. He was Commanding Officer and Director of the U.S. Naval Radio- 
logical Defense Laboratory at the time of commissioning of its new facilities in 
1955 and continued in that assignment until his retirement from the Navy in 


1956. 


‘ie IS THE day of organized research. Since it is 
also the dawn of the nuclear age, a number of major 
laboratories have been established for the study 
and development of either military or peace time 
uses of nuclear energy. Names like Oak Ridge, Los 
Alamos, Brookhaven, Argonne once found only in 
fine print on a few maps have become household 
words in scientific circles, and the general public 
views them as symbols of both the threat and the 
promise of the age of the atom. 

Not yet so widely known, but equally essential to 
a well balanced national nuclear research effort, is 
the one major laboratory which has been estab- 
lished with a sole mission to study the potential 
hazards of nuclear radiations and develop the 
means of preventing or minimizing their harmful 
effects. This is the U.S. Naval Radiological Defense 
Laboratory, at San Francisco. Its rather formidable 
name is usually shortened to read NRDL. The ap- 
proved pronounciation of this short-title, based on 
common usage, is something which rhymes vaguely 
with “hurdle.” 

The officially assigned mission of NRDL begins 
with a precept to “conduct basic and applied re- 
search on the physical and biological effects of haz- 


ardous nuclear and thermal radiation, including in- 
terrelated effects such as a shock or blast, and the 
dispersion and contaminating effects of fission prod- 
ucts resulting from an atomic explosion or from 
controlled nuclear processes . . .” In view of the 
duality of the last phrase, those who wish to look 
back to the first large scale experimental events 
which forecast a need for such a laboratory might 
well choose these two: The first took place in a 
squash court under the West Stands of Stagg Field 
at the University of Chicago, where there now is a 
bronze plate which reads, “On December 2, 1942 
man achieved here the first self-sustaining chain 
reaction and thereby initiated the controlled release 
of nuclear energy.” The second took place at Almo- 
gordo, New Mexico on July 16, 1945 which is the 
date of the world’s first nuclear explosion. A num- 
ber of the scientists now on the NRDL staff con- 
tributed in various ways to both of these events. 
Hence it might be said that their present work at 
the Laboratory, in a sense, is fulfilling the obliga- 
tion of a parent to assist in the curbing of an ob- 
streperous offspring. 

The foregoing two events made it clear that man- 
kind henceforth, both in peace and war, would have 
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—Joint Task Force Photo 


Figure 1. Water column of Test Baker, Operation CROSSROADS. This resulted from the underwater detonation of a nu- 
clear device having an energy release equivalent to about 20,000 tons of TNT. 


to be prepared to live with nuclear radiation in 
much greater quantities and potentially more wide- 
ly dispersed than previously imagined. The discov- 
ery that such radiation can cause physical injury 
had been made many years earlier, having first 
been noted by early experimenters working with 
X-rays in 1896. Thus the basic need for a laboratory 
such as NRDL actually was not created by any spe- 
cific event, but rather by a long series of scientific 
and technological developments. 

However, there can be little argument as to the 
event which was the immediate cause of the birth of 
NRDL. This took place at Bikini Atoll on July 25, 
1946 when the second of two atomic test explosions 
(Test Baker of Operation Crossroads) was set off 
under water and it promptly lifted an estimated 
million tons out of the ocean in the form of a hollow 
column about a half mile in diameter and a mile 
and a half high (Figure 1). Mixed in with this 
mountain of water were practically all of the fission 
products of the nuclear explosion. When it came 
down and, through the resultant rain-out and spray 
(Figures 2 and 3), delivered those radioactive prod- 
ucts to a large number of the target vessels, it cre- 
ated a problem entirely new in naval experience 
and of sufficient magnitude and complexity to be 
fully worthy of the initial efforts of a new labora- 
tory. Even before they set sail for the mainland, 
some of the key Bikini test personnel were discuss- 
ing the indicated need for the immediate establish- 
ment of a laboratory group to start the search for 
the urgently needed countermeasures. Thus, like 
Venus, NRDL was born in the foam of the sea. 
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Once the need for such a laboratory was recog- 
nized the necessary steps to bring it into being were 
taken quickly. It was decided to place it at the San 
Francisco Naval Shipyard, which is located on 
Hunters Point in San Francisco Bay near the 
southern edge of the city. This location had both 
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—Joint Task Force Photo 

Figure 3. NAGATO and several other vessels have been 
engulfed by the base surge and are about to be further 
drenched with radioactive fallout directly from the cloud 
above. The barge-like craft still visible is a floating drydock. 
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Figure 2. Base surge developing as water column descends. The cloud of spray is rolling outward at a velocity of about 
50 knots towards the ex-Japanese battleship NAGATO, in the left foreground. 


initial and long-range advantages. It made available 
the organizational and logistic support of a large 
existing Naval field activity, including some tem- 
porary buildings which could be diverted progres- 
sively to the use of the new laboratory as the Ship- 
yard completed its transition from a wartime to 
peacetime level of operation. Several of the target 
vessels from Operation CROSSROADS—notably 
the badly damaged carrier Independence—were be- 
ing returned to San Francisco for examination and 
were to be berthed at the Shipyard. The proximity 


of large educational institutions, particularly the 
University of California and Stanford, was very 
attractive. This last-named advantage has proven to 
be a most fortunate one, both in the recruiting of 
scientific and technical personnel and in enabling 
the staff to maintain the continuing professional 
contacts which are so important to those working 
in a rapidly expanding new scientific field. Al- 
though there are times when it cannot be denied 
that the Laboratory envies some of its sisters in 
their more remote locations in deserts or on hill- 
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tops, on the whole the foresight of those who chose 
the San Francisco location has been vindicated. 


The Laboratory was formally established as an 
official “project” of the Bureau of Ships on 18 No- 
vember, 1946, only a few months after the comple- 
tion of CROSSROADS. Initially its staff consisted 
of about a dozen junior Naval officers who had 
served as radiological monitors at Bikini. They still 
were being kept very busy in monitoring the vari- 
ous vessels returning from that operation. There- 
fore, it is not suprising to find from the records that 
along with a few geiger counters, scalers and other 
instruments of the trade (mostly borrowed), one of 
the first items of permanent equipment acquired by 
the infant laboratory was a coffee urn. 

It is significant that from the very start, the rec- 
ords also show that the need for close collaboration 
between scientific and technical personnel trained 
in the physical sciences and those drawn from the 
medical and biological sciences was clearly recog- 
nized as essential to the accomplishment of the mis- 
sion of the Laboratory. For example, the initial 
Bureau of Ships letter which directed the San Fran- 
cisco Naval Shipyard to set up a “laboratory for 
radiological studies” and outlined the intended 
scope of the program, further informed the Ship- 
yard that “the Bureau of Medicine and Surgery 
also will utilize the facilities of this laboratory for 
making studies of physical radiological hazards and 
such work in connection therewith as is associated 
with decontamination.” This marriage of the physi- 
cal and biological sciences proved to be an unusual- 
ly fruitful one, for reasons that will be brought out 
later. 


A number of tasks awaited the newly formed 
laboratory. An obvious one was the thorough ex- 
ploration of possible techniques for the removal of 
radioactive contamination from various types of 
surfaces, Another was to undertake a comprehen- 
sive evaluation of existing types of radiation detec- 
tion and measuring instruments and then assist in 
the development of some that would be more satis- 
factory for military field use. 


However, even more important than these ap- 
plied research problems was the need for putting 
the whole question of atomic defense, and especially 
its radiological aspects, into proper perspective. It 
is true that with the greatly increased capacity for 
mutual self-destruction in war created by the abili- 
ty to wrap so much devastation into a small pack- 
age, it already had been recognized that the only 
completely satisfactory “defense” would be to 
achieve a new measure of world-wide political sta- 
bility and international control—sufficient to make 
impossible the use of atomic weapons or any other 
comparable aggregate of instantaneous destructive 
force. More than a year before the establishment 
of NRDL, on 15 November 1945 the President of 
the United States and the prime ministers of Great 
Britain and Canada had issued a joint statement 
pointing up the need for “effective reciprocal and 
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enforceable safeguards acceptable to all nations 
against the use of atomic energy for destructive 
purposes.” Largely on the initiative of the U. S. 
Government, attempts to initiate these controls 
were begun within the United Nations organization 
early in 1946. The subsequent earnest but unsuc- 
cessful efforts on our part to establish such a system 
are too well known to require further comment in 
this article. It is sufficient to note that the passage 
of over ten years finds the negotiations still under- 
way—a rate of progress which hardly could be con- 
sidered commensurate with the thousand-fold in- 
crease in weapon yield which was achieved during 
this same period. 

In the lack of any such international harmony 
and in the face of growing evidence that potential 
enemies were succeeding in producing their own 
atomic weapons, it became increasingly urgent that 
we explore and develop all possible defensive meas- 
ures concurrently with the development of our re- 
taliatory offensive atomic power. It was in connec- 
tion with these protective measures that a need for 
proper perspective arose. What about our ships? On 
the whole the Navy observers at the Bikini tests 
were encouraged by the fact that, contrary to the 
dire predictions of the uninformed, the two test 
explosions stopped far short of wiping out the tar- 
get fleet. However, there still were some who 
viewed the extensive physical damage wrought on 
a limited number of these closely spaced, unmanned 
“sitting duck” targets and wondered audibly 
whether the surface Navy of the future ought not to 
consist entirley of turtle-backed, streamlined mon- 
sters designed primarily for maximum blast resist- 
ance. It is undoubtedly true that in some such man- 
ner a ship could be designed to remain intact sev- 
eral hundred yards closer to the point of an atomic 
detonation, but at the sacrifice of most of the other 
military and sea-going qualities which are the very 
reasons for her existence. 

No implied criticism of either the planning or 
execution of operation CROSSROADS is intended 
in the foregoing. It was indeed a remarkable 
achievement, carried out under most difficult con- 
ditions, and the compact spacing of the target ves- 
sels was skillfully planned to give gradations of 
damage just as in a laboratory experiment. But 
some persons failed to realize it was just that—‘“the 
largest scale laboratory experiment in history”— 
and that the close spacing of the target ships was 
not representative of the cruising formations of a 
task force at sea, nor were the very limited damage 
control measures undertaken at Bikini comparable 
with those that would be accomplished on manned 
ships under wartime conditions. 

However, even though the possibility of wiping 
out an alert and properly dispersed task force by 
means of a single atomic blow was refuted by the 
CROSSROADS results, this test operation also was 
equally convincing in pointing up a new require- 
ment for all units of the fleet, if they were to be 
adequately prepared for an enemy attack by nu- 
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clear weapons. This was the need for developing 
means by which vessels physically undamaged by a 
nearby contaminating* nuclear detonation could 
protect themselves against the more far-reaching 
radiological effects. 

On the biological side, there were questions of 
equal urgency. Most of the data and protective tech- 
niques available concerning radiation exposure 
were based on control of the occupational hazards 
of persons required to undergo repeated exposures 
to relatively small amounts of radiation, such as 
radiologists, X-ray technicians, radium dial painters, 
or workers at AEC production activities. In general, 
the available biological data covered radiation dos- 
ages much smaller than those of immediate military 
significance. More information, obtained under 
properly controlled conditions and with a sufficient- 
ly broad base to be statistically reliable, was needed 
concerning the effects of single large doses or re- 
peated doses of moderately large size. Furthermore, 
because of the time lag usually asociated with the 


—Defense Dept. Photo (Marine Corps) 

Figure 4. U.S. Marines coming in under an atomic cloud 

during tactical maneuvers at the Nevada Proving Grounds. 

The helicopters are being used to “leapfrog” the troops past 
a radioactive area. 


development of the more acute effects of serious 
radiation exposures, it was urgently necessary to 
develop data and means by which a commander, 
either afloat or ashore, could estimate reliably the 
number and extent of both his own radiation cas- 
ualties and those of an enemy, and the probable 
length of the time lag or “latent period” involved. 
Such information could be of very personal and 
immediate military importance (Figure 4). It is not 
always sufficient merely to draw a circle on a map 
and say, “Everyone not adequately sheltered with- 
in this circle will become a radiation casualty.” The 
answer to that type of over-simplification was well 


*The term ‘contaminating’ nuclear burst is used to refer to one 
detonated on or below the surface of the earth or water, as distin- 
guished from one set off sufficiently high in the air to eliminate 
heavily contaminated fallout patterns. 


stated by the Marine Officer who retorted, “That 
may be so, but it isn’t going to help me any if I get 
shot now by an enemy soldier who received his 
lethal dose of radiation a half hour ago but isn’t 
going to find it out until’ next week!” 

The newly formed laboratory group promptly 
attacked the radiological defense problem on both 
the physical and biological fronts. On the physical 
side, one of the first matters to be looked into was 
decontamination. The improvised, emergency efforts 
at cleaning up the radioactive ships, which had been 
undertaken with varying degrees of success at Bi- 
kini after Test Baker, needed to be reduced to pre- 
cise laboratory experiments with adequate control 
of the many variables involved. This was done by 
designing and constructing exposure chambers in 
which small test panels could be contaminated. 
These panels covered the wide variety of surfaces 
ordinarily found on board ship—freshly painted, 
weathered, bright, dull, rough, smooth, etc. They 
were sprayed by remote control with laboratory- 
prepared mixtures of radioactive and inert com- 
pounds representative of the fission products re- 
sulting from an atomic explosion. 

The panels then were used as specimens for try- 
ing out various methods of decontamination, in 
which the test conditions again were controlled as 
carefully as possible. The importance of this can be 
illustrated by citing a common error which has 
been made, particularly under field test conditions. 
This is the procedure of merely using the relative 
amounts of radioactivity, measured on the surface 
“before and after” with an instrument, as an index 
of the decontamination efficiency of some particular 
agent or method. If the contamination is relatively 
fresh and heavy, and is contained mostly in a cover- 
ing of dirt or surface film, almost any method can 
achieve a high percentage of removal and would 
therefore be adjudged “good.” If, on the other hand, 
the contamination is lodged firmly in the pores of 
the material in microscopic sizes, the same metho? 
will accomplish a very much smaller percentage of 
removal and might be adjudged “poor.” Hence the 
importance of accurate control and knowledge of 
the initial conditions of each test, a point which al- 
ways has been stressed at NRDL. 

The purposes of the panel tests were several-fold. 
One obvious one was to determine whether the 
standard paints currently used on ships were rea- 
sonably resistant to radioactive contamination. The 
results showed that they are, if maintained in good 
condition. Another was to determine what special 
equipment or chemicals, if any, might need to be 
carried on board ship or maintained on shore for 
decontamination purposes. Here the results showed 
that, at least for large-scale use, there is little need 
for any fancy chemical or brand name; any good 
household detergent is an adequate adjunct to the 
all-important copious water and elbow grease How- 
ever, these results refer to relatively impervious 
surfaces such as painted steel. Porous substances 
such as unpainted wood or concrete present quite 
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different problems. They cannot be discussed in de- 
tail here, but as in the case of many other results 
of NRDL’s work, the answers are available in tech- 
nical reports and manuals for those who require 
them. As for extremely porous and absorbant ma- 
terials such as Manila lines, test results show that 
if they ever become thoroughly drenched with ra- 
dioactive contaminants it is a waste of time and 
effort to try to reclaim them—they’ve “had it.” 

An important extra dividend, from the ship-pro- 
tection standpoint, which grew out of the labora- 
tory decontamination tests was the demonstration 
of the very high degree of protection which could 
be obtained by pre-wetting the topside surfaces with 
fresh salt water prior to the arrival of significant 
quantities of the radioactive contaminants. This was 
a key step in the development of the washdown 
system which has become the fleet’s principal coun- 
termeasure against radioactive fallout. 

It would not ke correct to leave the impression 
that NRDL’s work and experience in decontamina- 
tion was confined entirely to laboratory-scale 
studies. The battered Bikini target shiv Independ- 
ence (CVL 22) was used as a full-scale guinea pig 
following its arrival at San Francisco Naval Ship- 
yard in the spring of 1947. Not onlv was it used for 
actual decontamination tests, but also as a proving 
ground to check out the adequacy of techniques be- 
ing developed to prevent the spread of contamina- 
tion by personnel whose duties required them to 
work alternately in “dirty” and “clean” areas. The 
successful outcome of this work on the Independ- 
ence, together with the continuing help of the nat- 
ural process of radioactive decav. soon produced 
one result which could hardly have been antici- 
pated by those who had gingerly towed her into 
San Francisco Bay in a restricted, quarantined 
status. Before long the ship itself was providing 
badly needed additional laboratory space through 
utilization of areas which had not sustained serious 
blast or fire damage. The Independence continued 
in this role until she was finallv disposed of in 1952. 
Thus the first of the CVL’s rounded out her dis- 
tinguished World War II career by bequeathing to 
the Navy valuable data on the effects of the wea- 
pons of the future, first as a target ship at Bikini 
and finally as a laboratory ship at San Francisco. 

After the initial decontamination tests on the 
Independence, NRDL followed up the full-scale 
part of its efforts in this field through participation 
in atomic weapons tests in Nevada and Eniwetok. 
Some of the work was done out at the Proving 
Grounds and some back at the Laboratory using 
test panels which were exposed to fallout and flown 
back to San Francisco while still relatively “hot.” 
Further opportunities to acquire full-scale experi- 
ence and data also came through emergency calls. 
One of these was in January of 1950 when a radium 
capsule was ruptured at the Radiological Defense 
school on Treasure Island and the resultant con- 
tamination was tracked through the greater part of 
an entire building before the accident was discov- 
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ered. By assisting in the clean-up job, the Labora- 
tary acquired valuable data on the decontamination 
of wood and concrete surfaces. Then, early in 1953, 
NRDL received an emergency call from Canada via 
the AEC. The world’s first reactor accident had just 
taken place at the atomic energy installation at 
Chalk River, Ontario. Due to a control failure, some 
of the fuel rods had overheated and ruptured their 
containers. The resultant contamination of both the 
building and the reactor was particularly trouble- 
some to handle because of a combination of hazards. 
Some indication of the magnitude of the problem is 
given by the estimate of the Canadians that about 
10,000 curies of fission products had been washed 
down into the reactor basement. This was equiva- 
lent to more than six times the radioactivity of all 
the radium that had been produced in the world up 
to that time. 

Arrangements were made to have NRDL person- 
nel participate in the job of dismantling and de- 
contamination of the Canadian reactor. Many 
months were required to accomplish it without un- 
due hazard to personnel. The outcome was entirely 
successful and later developments showed that the 
part played by NRDL representatives had provided 
them with not only valuable data on methods for 
dealing with this type of emergency, but also some 
international goodwill. 

The earlier work of NRDL on the general prob- 
lem of contamination and decontamination of sur- 
faces has been described in some detail in the fore- 
going because it is of “historical” interest in being 
the first maior area of investigation which was as- 
signed to the Laboratory, and also because it is a 
rather good example of the variations and complex- 
ities encountered in each aspect of the radiological 
defense field. However, this is only one component 
of the much broader program which had to be un- 
dertaken in order to carry out the basic mission 
quoted earlier. It was soon recognized that along 
with the specific, short-term proiects of an applied 
nature that are customarily assigned to a military 
laboratory by its sponsors, only a thorough and sys- 
tematic investigation of all of the important factors 
producing and influencing radiation hazards would 
provide the Armed Services with the data needed 
for dealing with them. This is the more scientific 
approach to so complex a vroblem. It is the one for 
whieh the NRDL scientists consistently have ar- 
gued, and which they have tried to follow to the 
maximum extent possible within the overall limi- 
tations of funds, facilities, and the sometimes more 
urgent demands of an immediate and specific ques- 
tion. The scientific approach may take somewhat 
longer, but in the end can be expected to vield re- 
sults applicable to a wide range of situations in- 
stead of only those corresponding to a few random 
tests. 

Here again, an example drawn from the field may 
help to illustrate the importance of the systematic 
approach. Most of our field data concerning radio- 
active fallout necessarily have been obtained either 
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at Eniwetok or in Nevada. Fallout measurements 
and contamination studies made in these respective 
localities, once they have been repeated several 
times and found to be fairly consistent, certainly 
are of value when predictions are needed as to ra- 
diological conditions which would be encountered 
after a similar nuclear explosion at Nevada or Eni- 
wetok. But how reliable are they if the explosion 
is of the contaminating type and takes place in an 
entirely different environment? Unfortunately, 
neither the desert sands of the Nevada Proving 
Ground nor the coral fragments of Eniwetok and 
Bikini atolls are very representative of many of the 
kinds of targets of vital concern to military and 
civil defense. We are equally interested in the sit- 
uation which would exist after a nuclear detona- 
tion in a typical harbor containing thousands of 
tons of soft, sticky mud, or on a land area covered 
with lush vegetation, or in the midst of a forest of 
either trees or skyscrapers. Data obtained in Ne- 
vada or Eniwetok, which must be considered essen- 
tially empirical in nature because of its localized 
character, cannot be lifted with assurance and ap- 
plied to these other environments without well- 
considered qualification or adjustment. Such data 
can be put to good use elsewhere if it is properly 
adjusted and extrapolated as a result of a careful 
and systematic study of the mechanism of fallout 
and contamination production and of the probable 
interactions between the surrounding environment 
and the fission products, beginning with the incan- 
descent state of their first formation. That is a job 
to be done in a laboratory as well as in the field, 
and one which cannot be done superficially if one 
wants assurance that no important variables have 
been overlooked. Also, it requires the joint efforts 
of scientists of several different disciplines, espe- 
cially the chemists, physicists and biologists. It is 
one of the jobs underway at NRDL. 

A convenient way to cover the highlights of the 
present NRDL program, and at the same time intro- 
duce the major components of the Scientific Depart- 
ment is to enumerate some of the work in terms of 
the organization of this Department. It is comprised 
of three major divisions and a staff group. These 
are: 

(1) The Nucleonics Division. This is staffed chief- 
ly by physicists and electronic scientists. The Divi- 
sion is concerned with studying the characteristics 
of the nuclear radiations peculiar to both detona- 
tions and controlled chain reactions and of the 
thermal radiations associated with nuclear detona- 
tions, It conducts basic studies in nuclear radiation 
shielding, in the effects of nuclear and thermal ra- 
diations on materials, and it also designs, develops 
and evaluates radiation detection instruments. As 
examples of applications of its work, its shielding 
studies are expected to lead to better methods for 
estimating the worth of the radiation protection 
provided by the structural and other components of 
a ship, and its instrument studies are pointing the 
way towards radiation detection instruments which 


will give data in terms more representative of the 
actual biological hazard. This latter investigation is 
a joint effort with personnel of the BioMedical Divi- 
sion. 

(2) The Chemical Technology Division. This is 
staffed mainly by radiological chemists and chemi- 
cal engineers, together with a limited number of 
physicists and mechanical engineers. This Division 
is concerned with the phenomena and mechanisms 
involved in the creation, transport, deposition, and 
expeditious removal of radioactive materials. This 
requires considerable study of the physical, chemi- 
cal and radiochemical properties of these sub- 
stances. Examples of applications of its work are the 
decontamination and environmental studies pre- 
viously described. In connection with these, NRDL 
radiological chemists have developed some ex- 
tremely precise radio-chemical techniques which 
permit accurate identification and analysis of very 
minute samples of nuclear debris. 

(3) The Biological and Medical Sciences Divi- 
sion. This Division conducts field tests and labora- 
tory investigations of the biological effects of 
ionizing and thermal radiation, including the de- 
velopment of methods of diagnosis and treatment of 
radiation injury and means of protection against it. 
Not only basic investigation is carried out, but also 
experimentation oriented to the solution of prob- 
lems arising from field tests. The Division partici- 
pates with other units of the Laboratory and other 
naval laboratories, with the Atomic Energy Com- 
mission and with the Armed Forces Special Wea- 
pons Project in biologic investigations connected 
with the detonation of nuclear weapons. It supports 
the other divisions in their research and analytical 
programs, and maintains close liaison with biologi- 
cal and medical research workers both in the U. S. 
and abroad, with exchange of results and informa- 
tion concerning experimental techniques. The in- 
vestigations at NRDL are based chiefly on con- 
trolled experiments with small animals for which 
the Laboratory maintains its own animal colony for 
breeding and storage of the required special strains. 
One example of progress is the fact that laboratory 
animals can now be made to survive radiation dos- 
ages regarded as lethal a few years ago. Also, sub- 
stantial amounts of radioactive material absorbed 
internally can now be eliminated by prompt treat- 
ment. The BioMedical Division is staffed chiefly by 
civilian scientists representing various biological 
disciplines covering the fields of biochemistry, 
physiology, psychology, pharmacology and biophys- 
ics. The majority of the laboratory technicians are 
naval enlisted personnel. There are also several 
medical officers qualified in research. The Division 
is in a state of readiness for participation in field 
emergencies as well as the planned field test pro- 
grams. 

(4) The Military Evaluation Group (MEG). This 
is staffed by persons chosen to provide a variety of 
scientific skills including physicists, chemists, math- 
ematicians, engineers and operations analysts. The 
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individual members also are selected on the basis of 
an aptitude for correlating and integrating the work 
of others. This group has several important func- 
tions. One, which is performed in a staff capacity to 
the Scientific Director, is to carry on a continuing 
study of the results of the work of all of the other 
scientific groups in the Laboratory and evaluate 
their findings with particular reference to their 
military significance and use. A second, which is re- 
lated to the first, is to maintain close liaison with 
outside laboratory groups and agencies doing relat- 
ed work or having related interests, and to correlate 
their results with those of NRDL. A watch is kept 
for gaps or uncertainties still requiring attention. 
This is intended to assist in keeping the overall lab- 
oratory program vital and to establish a stimulating 
internal regenerative cycle. As might be expected, 
these functions sometime lead to honest and healthy 
differences of opinion between the personnel of 
MEG and the other Divisions. These are resolved 
around the conference table. 

A third function of the Military Evaluations 
Group is performed in an operating rather than a 
staff capacity. This is to draw from and integrate 
the results of the work of the other more special- 
ized groups of the Laboratory and translate it into 
a form directly useable for military operational ref- 
erence or planning. Such work is usually presented 
in the form of manuals, surveys or systems analy- 
ses. Since radioactivity has no more respect for one 
type of uniform than another, and since the effects 
of an attack by nuclear weapons can be sufficiently 
widespread to cut across a number of military and 
civil jurisdictions, it is not surprising that this part 
of the Laboratory’s work in particular has found 
use throughout all of the Armed Services. Exam- 
ples are portions of the Radiological Defense Man- 
ual which was prepared for the Armed Forces 
Special Weapons Project, and another entitled 
“Radiological Recovery of Fixed Military Installa- 
tions” which is currently in use by all three of the 
Armed Services. Similar work is in process on that 
part of the Bureau of Ships manual which deals 
with the radiological recovery of ships, and studies 
made by NRDL played a key part in the formula- 
tion of the U.S. Navy Passive Defense Manual. 
Special surveys of the vulnerability of various types 
of military installations to nuclear attack also have 
been made for several different Service agencies. 

In making studies such as the foregoing, the ex- 
perience of the Laboratory has led to an increasing 
recognition of the importance of the methods of 
Operations Analysis in approaching radiological de- 
fense problems. The NRDL personnel concerned 
have been given special training and have devel- 
oped a competence in this technique. In questions of 
atomic defense it should hardly be necessary to 
stress the need for systems analysis, or full consid- 
eration of the overall problem as well as its com- 
ponent parts. Yet it now seems clear that in the 
earlier days there was too much of a tendency to 
assume that as soon as a man had a Geiger counter 
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in his hand, he was fully prepared for an atomic 
attack. No Geiger counter has ever stopped any 
significant quantity of radiation by itself, and in the 
absence of a well-trained, realistically decentralized 
disaster-control organization with the requisite 
emergency communications and equipment, a Gei- 
ger counter can be nothing more than a first-class 
panic producer. To cite another example, drawn 
from an NRDL study which has received consider- 
able recent recognition in Civil Defense planning, 
it is not sufficient to have a shelter or evacuation 
program barely adequate to insure initial survival. 
A realistic analysis of the probable overall radio- 
logical situation indicates that the survivors must 
have a substantial reserve capacity to accept addi- 
tional radiation dosages for accomplishing essential 
recovery operation. This must be taken into account 
in the initial planning. 

In the execution of the scientific program it fre- 
quently is necessary to cut across precise organiza- 
tional lines. An individual project or study often is 
assigned to a small task force, in which the leader 
and respective members have been selected to pro- 
vide the particular assortment of scientific knowl- 
edge and engineering and technical skills required 
for the case in hand. In such instances, the project 
as a whole is identified with the Laboratory Divi- 
sion having the maior interest for general admin- 
istrative purposes, but the individual members are 
free to derive technical support and guidance from 
other NRDL specialists in their own fields. under 
the overall coordination of the program leader. 


Because of this tendency of much of the work to 
cut across lines and not confine itself to traditional 
academic disciplines or single sponsoring agencies, 
the formal summaries of the NRDL program are 
customarily arranged under a list of “areas of in- 
vestigation” in which work is being carried on. This 
list, in itself, constitutes a compact summary of the 
program as a whole. The current one is as follows: 


NRDL PROGRAM AREAS 


. Characterization of Radiological Phenomena 

. Development of Radiological Models 

. Nuclear and Physical Chemistry 

. Contamination Phenomena 

. Countermeasure Development for Ships 

. Countermeasure Development for Land Based 

Construction 

7. Effects of Nuclear Radiation on Inanimate Mat- 
ter 

8. Nuclear Radiation Characteristics 

9. Nuclear Radiation Shielding 

10. Radiological Physics 

11. Radiac Research and Development 

12. Radiac Engineering 

13. Analysis and Evaluation of Radiac Systems 

14. Thermal Radiation Characteristics 

15. Effects of Thermal Radiation on Materials and 
their Properties 

16. Biological Aspects of Hazard Evaluation with 
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Particular Reference to Critical Organ Effects 
of Ionizing Radiation 

17. Effects of Penetrating Ionizing Radiation upon 
Biological Systems during the Acute Phase 

18. Persistence of Injury due to Penetrating Ioniz- 
ing Radiations—Delayed Effects, Late Effects, 
Life Span Changes and Genetic Effects 

19. Diagnosis, Prophylaxis and Therapy of Radia- 
tion Injury 

0. Internal Radiation Hazard 

“1. The Effects of Radiation upon Performance and 
Behavior 

22. Appraisal of Situations and Effectiveness of 
Countermeasures 

23. Direct Evaluations for Sponsoring Agencies 

24. Fundamental Studies and Experimentation in 
Radiation, Radiation Effects and Radiological 
Defense 

25. Special Techniques, Methods and Instrumenta- 
tion 


The foregoing summary indicates the broad scope 
of the research effort which has evolved at NRDL 
during the past ten years. It also suggests that the 
development and prosecution of a program of this 
magnitude must have required the construction of 
some specially designed physical facilities, out- 
standing in their diversification and flexibility. Such 
facilities have indeed been acquired, but they did 
not come easily and are the result of several kilo- 
tons of intensive planning and persuasion both in 
San Francisco and in Washington. 

The old-timers at NRDL can now recall with 
some amusement the desperate efforts of the staff 
to find the type of shelter and environmental con- 
trol needed for precise experimentation, as the 
work load expanded again and again beyond the 
capacity of the two small rooms originally occupied 
in 1946 and the additional improvised spaces later 
assigned. By 1953 the still-temporary facilities of 
the Laboratory had grown to 20 different buildings 
or structures, and a more heterogeneous assortment 
can hardly be imagined. Only a few of these—a 
radiochemical laboratory, a “hot cell,” change house 
and a temporary animal colony shelter had been 
specifically designed and constructed for their re- 
spective functions. The others included ore sub- 
stantial four story building (a wartime shipyard 
shop), several converted wooden barracks, two 
quonset huts, a Butler hut, and a couple of just 
plain shacks of the type to be found in the moraine 
of every wartime expansion. One small but rather 
valuable acquisition was a left-over World War II 
brig (of the guardhouse, not seagoing variety); this 
was gratefully occupied by some biological experi- 
menters who were looking for a quiet, secure place 
with plenty of shielding for their animals, Another 
interesting component of the laboratory complex 
was a surplus barge which had been converted for 
decontamination experiments, for which its built- 
in tanks were valuable as sumps which could be 
isolated from the ordinary local drainage. Thanks to 


the proximity of one of the world’s largest cranes 
and an understanding shipyard, this particular 
barge has spent most of its NRDL career on dry 
land where it can provide a more steady platform 
for chemical balances and other precision instru- 
ments. Hence it may possess some claim to fame 
as the world’s first amphibious laboratory. 

Even more frustrating than the temporary and 
makeshift nature of most of the facilities was the 
excessive dispersion. Division heads found their 
personnel scattered among as many as five separate 
buildings, and the whole set-up was unfavorable to 
the cross-fertilization between disciplines essential 
in this type of endeavor. However, by this time re- 
lief literally was in sight in the form of the steel 
skeleton of a fine new laboratory, and weekly re- 
ports of the builder’s progress were published in 
the NRDL Bulletin as an aide to morale. 

Construction of this new Laboratory, an $8,000,- 
000 project, had commenced in 1952 and had signi- 
fied recognition by the Department of Defense and 
the Congress of the need within the Armed Services 
for a more permanent major research facility which 
could give priority consideration to the radiological 
problems resulting from military uses of nuclear 
energy. A location was chosen near the southern 
entrance of the San Francisco Naval Shipyard, 
where a portion of the Hunters Point area was ear- 
marked for proper development of the new Naval 
Radiological Defense Laboratory. 

In the design of the permanent facility, in addi- 
tion to a careful study of other recently constructed 
research laboratories, full use was made of the ex- 
perience of a number of the NRDL staff members 
who had participated in the development of tech- 
niques for working with radioactivity at Oak Ridge, 
Los Alamos, the Radiation Laboratory of the Uni- 
versity of California, and elsewhere. Completely 
windowless construction was decided upon for a 
number of reasons. It offered considerably more 
useable floor and wall space (estimated at about 25 
percent) for the same overall cost and size, and also 
better environmental control for precision measure- 
ments where steady ambient temperatures, uniform 
illumination and dust-free air are essential. It also 
offered considerably more resistance in the event 
of an enemy attack in the area, not only against 
direct blast and fire damage but particularly against 
the entry of radioactive contamination through 
broken windows. If the latter were to occur, the 
resultant rise in the radioactivity background count 
would play havoc with many of the research pro- 
grams. However, the question of interruption due 
to enemy attack does not preoccupy the minds of 
the NRDL personnel. This is because after some 
years of study of the probable effects of many dif- 
ferent kinds of atomic attack on various land areas, 
it is the feeling of the staff that if it has not accom- 
plished that portion of its research work which con- 
cerns basic military and civilian defense planning 
before the attack occurs, it will be too late to do 
much about it afterwards. This also is reflected in a 
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Figure 5. Main building of the U.S. Naval Radiological 
Defense Laboratory in San Francisco. Completed in 1955, it 
is considered to be one of the world’s most modern and best 
equipped nuclear laboratories. 


continuous effort to try to look five to ten years 
ahead in formulating the overall NRDL program, so 
that by the time prospective new weapons such as 
intercontinental ballistic missiles with thermo-nu- 
clear warheads are in the possession of a potential 
enemy, the changes in defensive techniques neces- 
sary to meet these new threats will already have 
been worked out and disseminated. 

The new main building is 400 x 100 feet and six 
stories in height (Figure 5). Vertical transportation 
is provided by two-way escalators, which made it 
possible to consolidate the various storage, issue 
and service facilities without undue loss of transit 
time by persons using them. There is an auditorium 
seating approximately 300 persons at the sixth floor 
level, and an isotope receiving and issue room with 
suitable shielded pits and overhead crane, on the 
ground floor level. The ground floor also houses the 
major shops and other activities requiring heavy 
floor loads. Several heavily shielded rooms are lo- 
cated at various points to house the major irradia- 
tion facilities, and the biological research rooms on 
the fifth floor are finished in tile and specially ven- 
tilated to an extent approaching hospital standards. 
Throughout the remainder of the building, the wall 
partitions are of the movable metal type to provide 
flexibility for changing conditions. The hoods used 
for radio-chemistry contain special features de- 
signed to minimize the possibility of spread of con- 
tamination through spills or blow-backs; these were 
developed at NRDL and proof-tested in the previ- 
ous temporary chemical laboratory. The principal 
management offices, library, photographic service, 
and similar general functions are located on the 
third floor in order to provide easy accessibility to 
and from all parts of the laboratory. 

To avoid any objectionable effect of the lack of 
windows on the occupants, the interiors were given 
special color treatment based on earlier Navy 
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Figure 6: Nuclear accelerator building at NRDL. The Van 
de Graaff generator is located on the second floor of the 
two-story portion, with the heavily shielded target room 
directly below. 


Figure 7. Target room of the accelerator building, showing 
a physicist adjusting the position of the beam with respect 
to the target. The outside door, which is a four-foot slab of 
concrete hydraulically operated, can be seen in the back- 
ground. 


studies related to submarine habitability design. An 
additional antidote for claustrophobia is the rooftop 
cafeteria, which has large picture windows over- 
looking San Francisco Bay. This provides a mid-day 
break which nourishes the soul as well as the body. 
However, the NRDL staff members have found that 
when there is plenty of work to do one soon be- 
comes oblivious to the absence of wall openings and 
even welcomes the freedom from the distractions of 
changes in light and temperature which so often ac- 
company windows, especially when they admit di- 
rect sunlight. 

In addition to the main building, a separate annex 
with heavier shielding houses the Laboratory’s two 
million volt Van de Graaff type nuclear accelerator 
(Figure 6). A noteworthy feature of the design of 
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this building is a 4-foot thick concrete door in the 
target room (Figure 7) which can be rolled aside 
to permit the beam to emerge into a fenced-in en- 
closure against the hillside, for scatter experiments. 

The laboratory buildings are well supplied with 
the research tools of modern physics, radiochemis- 
try, biology, and developmental engineering, includ- 
ing such items as high intensity gamma radiation 
sources and X-ray machines, scintillation spectro- 
meters, multi-channel differential analyzers, high 
speed calorimeters and bolometers, ultracentrifuges, 
numerous varieties of radiation counters, spectro- 
graphs, spectrophotometers, electron microscopes, 
climatic simulators, master slave manipulators, and 
engineering equipment. Service outlets at labora- 
tory work spaces include AC and DC power, com- 
pressed air, distilled water, vacuum, steam and 
natural gas. 

The completion of the move to the new buildings 
in 1955 brought the total plant value of the Labora- 
tory to about $12,000,000 exclusive of land. Aside 
from the direct impact of these more adequate fa- 
cilities on the problems in hand, the management 
staff also welcomed this material assistance in the 
task of recruiting and holding the specialized per- 
sonnel required for the Laboratory’s mission. In 
these days of scientific and technical personnel 
shortages, a closely knit, highly qualified research 
laboratory staff is not easy to acquire or replace. 
Altho it does not appear directly as book value, 
NRDL’s possession of a competent, diversified sci- 
entific task force “in being” should be regarded as 
its most valuable asset. 

On a typical work day, a visitor to NRDL’s main 
laboratory building with the time and justification 
for a general look through all six of its floors might 
afterwards describe his tour about as follows: After 
signing in and being issued a visitor’s badge which 
serves both for identification and as a carrier for a 
radiation exposure film badge, he first was escorted 


Figure 8. Glassblowers at work on radiochemical apparatus. 
They are using special lathes in which flame jets take the 
place of cutting tools. 


Figure 9. The self-service store. It is conveniently lo- 
cated on the second floor of the main laboratory building. 


to the main shop area and found work underway on 
fallout sampling instruments for a forthcoming 
atomic weapons field test. Since these instruments 
must operate by remote control, he learned that 
the initial flash of radiation from the detonation 
often is used to actuate the trigger which starts the 
mechanism. 

Nearby in a first floor laboratory containing a co- 
balt 60 irradiation source, the visitor saw experi- 
mental measurements underway to determine the 
effect of the interaction of the body of the operator 
on the accuracy of a gamma radiation monitoring 
instrument. For this purpose the “body”—which 
was mounted on a revolving turntable—was a full- 
scale masonite dummy designed by the Naval Medi- 
cal Research Institute, the material having been 
chosen to give an accurate simulation of human tis- 
sue so far as radiation absorption and scattering 
effects are concerned. In another large laboratory 
space at the other end of the first floor, he saw tests 
in a large spray booth of a stripable plastic coating 
intended to facilitate decontamination of surfaces 
previously treated with it. Here a well known ad- 
vertising slogan might be reversed to read “Remove 
the surface and you remove all.” 

Taking an escalator to the second floor the visitor 
paused to watch the glass-blowers shaping the in- 
tricate contours of some chemical apparatus (Fig- 
ure 8), and down the hall he saw a “customer” 
checking out the items needed for a new project 
from the self-service laboratory supplies store, 
(Figure 9), where the users can select what they 
need from stocks fully displayed in the manner of a 
modern super-market. Also on the second floor he 
found the health physicists preparing plans for ra- 
diological safety (“radsafe”) support of the next 
field operation, in between answering calls for rou- 
tine laboratory monitoring. In the nearby Engineer- 
ing Services Branch, a design man was preparing 
layout plans for an instrument trailer and vainly 
trying to convince a physicist that there is some 
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Figure 10. Apparatus used for shielding studies. In the 
foreground is a gamma radiation source with its beam di- 
rected towards a thick steel slab. The heavy cylinder in the 
rear houses a spectrometer which is measuring the scat- 
tered radiation emerging from the rear of the slab. The re- 
sults are analyzed and recorded in the instrument panels on 
the left. 


ultimate limit to the amount of equipment, includ- 
ing power supplies, that can be crowded into so 
small a space. 

Up in a third-floor conference room, the visitor 
found a joint meeting underway between a team of 
NRDL scientists and program officers and a visiting 
group from another agency which had come to com- 
pare and analyze results from the last field test. 
Across the hall in the Comptroller’s office several 
persons were putting together an intricate budget- 
ary report for Washington, and in another room 
nearby two program officers were working on a 
field test time schedule, trying to figure out how to 
compress a normal eight or nine months of prepara- 
tory work into five. In one of the branches of the 
Military Evaluation Group, a conference was un- 
derway concerning the best way to present a radio- 
logical recovery scheme in a new manual. The Com- 
manding Officer was on the long distance telephone 
inquiring about the laboratory facilities program, 
and the Scientific Director was presiding over a 
lively session of the Research Planning Council. 
The one relatively quiet spot on the entire third 
floor was the reading room of the technical library. 

Upon ascending to the fourth floor the visitor 
found himself in a different kind of world where the 
problems were of the scientific rather than the 
management variety. Here in the Nuclear Radiation 
Branch he found two physicists and an electronic 
scientist checking the performance characteristics 
of a newly developed mobile gamma ray spectro- 
meter. Designed for field use, this instrument was 
intended to provide accurate information as to the 
energy spectrum of the gamma radiation existing in 
a radioactive fallout field—data which are needed 
both for radiac instrument design and for assess- 
ment of probable biological damage. In an adjacent 
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Figure 11. Apparatus used for airborne radioactivity in- 
halation experiments. The glass bottles contain laboratory- 
bred mice. The biologist at the left is demonstrating the use 
of a “glove box,” in which manipulations can be made while 
maintaining a protective gas-tight envelope. During actual 
operation, the door at the end would be closed and sealed. 


laboratory, he found another gamma ray spectro- 
meter being used to determine the energy pattern 
and directional characteristics of the gamma rays 
emerging from the back side of a thick steel slab 
(Figure 10). Elsewhere on the fourth floor, tests of 
the inflammability of forest fuels were underway 


Figure 12. Ion exchange columns, used for separation of 
rare-earth elements in the radiochemical laboratory. 
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under simulated atomic heat flash in the thermal 
radiation laboratory, and across the hall the solid 
state physicists were studying the results of damage 
produced in a dielectric material by previous irra- 
diation with the Van de Graaff accelerator. In the 
instrument branch an electronics engineer and a 
technician were assembling a transistorized model 
of a gamma radiation survey meter. 

When he moved on up to the fifth floor, the vis- 
itor found that he frequently needed an interpreter, 
as he was an engineer and not accustomed to audit- 
ing discussions about such things as taurines, serum 
lipoproteins and hematopoietic syndromes. Here he 
also encountered some well-caged rats which had 
been irradiated in varying amounts and were being 
checked for subsequent willingness and ability to 
perform work in a squirrel cage wheel fitted with 
a mechanical counter. In another room he found a 
display of autoradiographs (so called because the 
radioactive specimen is made to take its own pho- 
tograph by placing it in contact with a photographic 
plate). These had been made from tissues and bones 
of sacrificed animals, showing how certain long- 
lived radiosotopes such as strontium 90 tend to con- 
centrate in the bones after entering the body 
through inhalation or ingestion (Figure 11). He 
learned that these tests were preliminary to other 
work underway on methods of preventing or elim- 
inating such deposits. In still another laboratory he 
saw a rather complicated array of glass tubing 
through which a dark liquid was being circulated 
in a series of pulsations. He was told that this was 
making it possible for a rat liver to remain “alive” 
and continue to function entirely outside the sacri- 
ficial animal to which it had recently belonged. He 
learned that such studies of living isolated organs 
are throwing much light on the mechanism of ra- 
diation injury, the understanding of which is an 
important prerequisite of the development of better 
methods of treatment. 

Proceeding to the sixth floor the visitor stopped 
first to observe the activity of the liquid in a row 
of glass and resin ion exchange columns, (Figure 
12), whereby fractional separation and collection of 
the eluent, the difficult process of separating chem- 
ically similar radioactive nuclides, which required 
many weeks of laborious fractional crystallization 
in the days of Marie Curie, was being accomplished 
in a few hours. Another powerful separation tool 
in use was an ultrafilter, in which colloidal par- 
ticles as small as a 100 millionth of an inch could 
be filtered out by forcing the liquid suspension 
through cellophane membranes under high pres- 
sure. Radioactive samples concentrated by one of 
these methods finally were taken to a radiation 
counter for measurement and identification of the 
activity. For use as a shortcut method, especially 
valuable for short-lived isotopes, there were multi- 
channel analyzers in which a minute radioactive 
sample could almost be made to write its own sig- 
nature in the form of an energy spectrum. Also on 
the sixth floor, the visitor saw chemists assisting 


the biologists by performing radiochemical analyses 
of tracer amounts in biological specimens, including 
tests designed to throw more light on the properties 
and subtle behaviour of some of the internally ad- 
ministered protective substances. 

By this time, the visitor was pleased to learn that 
one final short flight of steps would take him to the 
rooftop cafeteria for a cup of coffee and a view of 
San Francisco Bay before making his departure. 

Field tests have played an important part in the 
NRDL program for the past ten years, particularly 
those conducted jointly by the AEC and the De- 
partment of Defense in the Nevada and Eniwetok 
Proving grounds. In recent years, the test opera- 
tions have come along with such pressing regularity 
that for many of the NRDL participants the Nevada 
desert valleys and Western Pacific atolls have long 
since lost the glamor which those exotic areas 
might once have had for the occupants of a window- 
less laboratory. They agree fully with the Washing- 
ton visitor who, when shown the Nevada Proving 
Grounds for the first time, said it looked like just 
the place to throw away used razor blades. 


Preparations for field operations are painstaking 
events, as delicate instruments often tend to balk in 
the presence of too much sand or salt water and all 
needs for special tools and spare parts must be 
carefully anticipated. The general attitude of the 
NRDL staff towards the nuclear weapons field tests 
is that participation in them is necessary and im- 
portant as a means to an end—the end being, wher- 
ever possible, to obtain whatever full scale data are 
needed to permit subsequent reliable laboratory 
simulation of radiation and contamination effects. 
This approach is technically sound, as in most cases 
the conditions essential to accurate experiments can 
be achieved much better in the laboratory where 
there are fewer variables and better controls. 

A good example of this technique is found in the 
study of the effects of thermal radiation from nu- 
clear explosions, a field in which NRDL has done 
extensive work for a number of different agencies. 
First, instruments were developed in the laboratory 
for accurate measurement of the intensity and spec- 
tral characteristics of the radiation. These had to 
cover higher intensities and more rapid variations 
in the thermal flux than any that were commercial- 
ly available, since the demands to be placed on 
them were far beyond those of any thermal meas- 
urements ordinarily made in industry or even in 
other research applications. The instruments then 
were taken to the Proving Grounds and exposed 
during nuclear tests of various yields and at a num- 
ber of different distances. With the data thus ob- 
tained, the physicists returned to San Francisco and 
tackled the development and construction of lab- 
oratory devices which would accurately simulate 
this radiation. 


The laboratory apparatus thus evolved consists 
of a family of several thermal radiation “sources” 
which are used for different purposes, depending 
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on the needs as to target area and precision of con- 
trol. Two of the sources consist of ordinary search- 
lights, one 60” and one 36” diameter, obtained from 
surplus military stocks. These are set up to function 
in the usual manner, except that after the parallel 
beam of light and heat rays has traveled only a few 
yards it is refocussed by a second parabolic reflector 
similar to the one in the searchlight. The purpose 
of this arrangement is to produce a small, intensely 
hot circular area at the target station with tempera- 
tures comparable with those of the carbon arc, but 
with a field of practically uniform intensity and free 
from the physical interference of the electrodes. 


Figure 13. Mitchell thermal source. This device produces, 
over a small circular target area, thermal radiation intensities 
equivalent to those resulting from a wide range of nuclear 
detonations and target distances. 


A third NRDL thermal source, which is utilized 
as the primary one because of the flexibility and 
accuracy of its controls, consists of a large Mitchell 
carbon are projector of the type used for back- 
ground projection in the motion picture industry. 
To this the Laboratory physicists have added an 
optical system which reduces the size of the pro- 
jected beam to a single “hot spot” about the size of 
a dime. The intensity of the thermal flux is very 
uniform throughout this small area, and further- 
more can be controlled with time by means of a 
shutter which consists of two rotating, overlapping 
discs with cam-type contours (Figure 13). This 
shutter was specially designed at the Laboratory to 
reproduce the shape of the “pulse” of the heat flash 
produced by the detonation of an atomic weapon. 
Provision also is made for insertion in the optical 
system of a series of ground glass filters of varying 
densities which will reduce the peak and average 
values of the heat flux without changing the shape 
of the pulse curve, 

It is the combination of these two controls which 
provides the flexibility previously mentioned. Simply 
slowing down or speeding up the rate of rotation of 
the shutter mechanism shortens or lengthens the 
time base of the exposure pulse; this corresponds to 
varying the yield of the simulated detonation—the 
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Figure 14. Fallout intensity measurements at the Nevada 
Proving Grounds. The shielded scanning device overhanging 
the rear of the trailer transmits its information to recording 
instruments inside. The operator, in protective clothing, is 
taking bearings to check his location. 


larger the weapon, the longer the pulse. And chang- 
ing the ground glass filter to a more dense one is 
equivalent to adding the additional absorption of 
thermal energy which would take place if the radia- 
tion were out in the open and had to travel through 
some hundreds of yards of additional atmosphere; 
this corresponds to varying the distance of the target 
from the simulated weapon detonation. In calibrating 
this source in the laboratory, the same instruments 
originally used to obtain the full scale radiation 
measurements at the atomic proving grounds are 
utilized, thus providing a direct measure of the 
validity of the simulation. By means of this device, 
valuable information concerning the heat flash dam- 
age and incendiary effects of nuclear detonations on 
various materials and surfaces is being obtained to an 
extent that would never have been feasible if all of 
the tests had to be made in the field. There is the 
added advantage that direct observation of these ef- 
fects is possible in the laboratory. The device is 
equally valuable in connection with studies by the 
MD’s and biologists of the severity of burns to be 
expected, of the fundamental nature of the damage 
produced in a burn, and in seeking improved methods 
of treatment. 

The foregoing has been included in some detail as 
a typical example of successful laboratory simulation 
of nuclear weapons effects, with a resultant ability 
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Figure 15. Preliminary tests of the “washdown” countermeasure on the cruiser Worcester. 


to obtain much more needed data at less cost and in a 
shorter length of time than could ever be done out in 
the field. Other examples of equally successful lab- 
oratory simulation could be cited in connection with 
studies of the effects of irradiation by gamma rays 
and neutrons. However, not everything can be done 
in the laboratory—for example, the basic information 
concerning radioactive fallout patterns must nec- 
essarily all be obtained in the field (Figure 14). In 
this instance, the laboratory efforts are being directed 
towards improvement of theory and mathematical 
processes through which these patterns can be more 
accurately predicted, assuming that the essential 
meteorological data are available. Radiac instrument 
evaluations also must be performed partly in the field 
to insure the discovery of the types of “bugs” that do 
not always show up in the laboratory. 

The development and proof-testing of the “wash- 
down” countermeasure for shipboard radioactive 
contamination has involved some interesting field 
test experiences. This has been a joint NRDL—Bu- 
reau of Ships effort. Thus it also has provided a good 
opportunity for the development of closer acquaint- 
ance between personnel of the Laboratory and the 
parent agency. It has been mentioned previously that 
laboratory experiments originally carried out with 
small panels indicated the proposed washdown sys- 
tem was promising enough to warrant full-scale test- 
ing. These tests were started in 1951, first on the 
destroyer Dortch and later on the cruiser Worcester 
(Figure 15) and the aircraft carrier Shangri La. The 


purpose of this phase was to determine whether it 
was possible, by using salt water supplied by the 
ships’ own pumps and fire mains and delivered 
through a number of fixed spray nozzles, to keep the 
entire exposed area of the decks and superstructures 
sufficiently wet to provide protection comparable 
with that which had been achieved on small panels 
in the laboratory. For these initial shipboard tests, 
the “radioactivity” was simulated partly by means of 
a washable red dye and partly by a harmless chem- 
ical, both of which were applied by means of fog 
nozzles. The ships’ officers were manifestly unhappy 
about the red dye, but accepted it as one of the 
fortunes, or rather misfortunes, of war. 

The results of these preliminary tests were en- 
couraging as to the extent of coverage obtainable, but 
to assume that the performance of this device would 
be equally satisfactory when the contaminant was 
radioactive fallout from an actual nuclear detonation 
was still too much of an extrapolation. A great deal 
was at stake, considering the initial cost of a suffi- 
cient amount of the equipment for the entire fleet, 
the training effort involved and the possible even 
greater cost if it did not do the job when the chips 
were down. 

Accordingly, plans were made for proof-testing 
with actual fallout during the 1954 thermo-nuclear 
tests in the Pacific (Operation Castle). For this 
purpose, two Liberty Ships were borrowed from 
mothball storage and fitted out so that after steam 
was raised and the engines warmed up, they could 
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Figure 16. General view of YAG 40, a drone-operated field test vessel. The “bird bath” on the forward kingpost is a radio- 
active fallout collecting station. 


be abandoned by their crews and operated by re- 
mote control. This included changes in course and 
speed, starting and stopping of the washdown sys- 
tem (in the case of the one ship so fitted) , and even- 
tual shutdown of the boilers and engines. The tele- 
metered signals necessary to accomplish this could 
be transmitted either from an airplane, another sur- 
face ship, or a shielded location on board one of the 
two test ships. 

After completion of fitting out and installation of 
special instruments and devices for detecting radia- 
tion and collecting and measuring fallout, the two 
ships were officially placed in service in time for the 
1954 tests. For want of any better category they 
were designated as “YAG’s” which is that used for 
miscellaneous naval auxiliaries. There can be no 
doubt about their being very “miscellaneous,” as 
the Navy has never operated any other ships quite 
like them. In their later version (including modi- 
fications made after the 1954 tests for further use in 
1956), it required only a glance to see that some- 
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thing unusual was in the air, as each had a trem- 
endous bowl-shaped structure (called the “bird- 
bath”) perched about sixty feet above the water on 
top of the forward king-post (Figure 16). This pro- 
vided one of the primary stations for fallout samp- 
ling. In addition, the topsides were cluttered with 
large plastic cylinders with dome-shaped tops which 
looked like giant fungi sprouting in the wake of a 
tropical jungle rainstorm (Figure 17). These were 
shields for gamma radiation measuring instruments 
and each contained a cluster of several detectors 
pre-set for different intensities, since it could never 
be known in advance just what ranges would be 
encountered. Other topside instrumentation in- 
cluded a small dumb-waiter in the bow which auto- 
matically snatched a fallout sampling tray on signal 
from below. The dumb-waiter then took off with 
the tray, but not until it had carefully put out a 
fresh one for the next order. 

The installations below decks were equally un- 
conventional. One large concrete-and-lead shielded 
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Figure 17. Gamma radiation detector stations on deck of a 
YAG. Ion chambers are mounted inside the cylindrical shields. 


Figure 18. Shielded instrument compartment below-decks 
on a YAG. The panels shown receive and record the radiation 
intensity readings from the detectors shown in Figure 17. 


room contained rows of instrument panels (Figure 
18) in which the radiation intensities as detected at 
each of the topside stations and various points be- 
low decks were continuously recorded on moving 
strips of paper. This provided records which could 
later be correlated as to time. Another shielded lab- 
oratory room, at the lower end of the dumb-waiter, 
had facilities for immediate analysis of the radio- 
active samples. The key station was a central con- 
trol room which provided an adequately shielded 
base for the operating and laboratory personnel 
when conditions topside, or even below decks in 
most other locations, were temporarily too “hot” for 
occupancy. In this case, in order to obtain sufficient 
protection with a minimum outlay for special con- 
struction, the shielding medium used was water. 
Ordinary water can be a very satisfactory shield 
against radioactivity provided there is a sufficient 
cross-section of it. This was obtained by construct- 


ing the control room in the form of a watertight 
tank suspended in one of the ship’s cargo holds, 
with access through a single small vertical water- 
tight trunk. Flooding the hold then provided an 
ample thickness of liquid shielding on all sides of 
the control room. 

From this room, a closed television circuit pro- 
vided a continuous view of the engine room gauge 
board and another was connected with a viewing 
camera on one of the masts. This latter camera 
could be rotated and elevated to scan in all direc- 
tions, One purpose for which it was used was to 
observe the other YAG when the two were pro- 
ceeding in company, so that both could be maneuv- 
ered from a single control room, using the telemet- 
ering circuits previously mentioned. 

Altho operation of both of the YAG’s as drone 
ships proved successful and was used on some oc- 
casions, the shielded control room arrangement was 
found to be so satisfactory that this became the pri- 
mary method. In this manner, the YAG’s have been 
maneuvered into fallout areas involving radiation 
intensities that would have been lethal to exposed 
personnel, but without exceeding the normal peace- 
time radiation dosage limits for the shielded partic- 
ipants. Valuable data have been obtained concern- 
ing the time and rate of arrival of fallout from 
nuclear weapons, and the additional goal of thor- 


Figure 19. Close-up view of a gamma recorder station. A 
few preliminary horizontal-line “pips,” signifying the arrival 
of radioactive fallout topside, can be seen in channels 17 to 19 
on the left. 
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Camp Stoneman, California. This operation was carried out 
jointly by personnel of NRDL and the Army Chemical Corps 
in the fall of 1956. 


oughly proof-testing the “washdown” counter- 
measure also was achieved. 

In the fitting out of test ships such as those just 
described, the proximity of the Laboratory to the 
design, waterfront and shop facilities of the San 
Francisco and Mare Island Naval Shipyards has 
proved most fortunate. In return, shipyard person- 
nel have gained some valuable experience in pre- 
paring for and dealing with radioactive contamina- 
tion in ships and equipment. 

Laboratory personnel witnessed still another 
proof-testing at the 1954 Pacific operation when, 
due to the unexpected shift in winds which caused 
the contamination of several inhabited atolls, a few 
of the ships of the Naval task force also found them- 
selves caught in the fringes of the fallout pattern. 
Temporary “washdown” installations which had 
been put on board prior to the operation as a pre- 
cautionary measure immediately were put into use, 
and kept the situation entirely under control. By 
coincidence, a number of the NRDL scientific and 
technical personnel were passengers on board these 
vessels at the time. They watched the satisfactory 
performance of the equipment with considerable 
personal interest, and also took advantage of the 
opportunity to obtain some data under operating 
conditions. 

Large amounts of raw data seldom are of any use 
until they are boiled down to manageable concen- 
trations, and unless this is anticipated in the plan- 
ning stage, a field project can bog down from ac- 
cumulation of too much undigested data. The 
gamma radiation measurements obtained on the 
YAG’s might well have ended up in this muscle- 
bound state, as the continuous recording of radia- 
tion intensities from a number of different stations 
on each ship over periods of many hours resulted in 
an enormous quantity of records. However, con- 
siderable advance attention was given to this part 
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of the problem. The detectors and circuits were so 
designed that the data were registered by the pen- 
and-ink recorders (Figure 19) in the form of a se- 
ries of short horizontal lines or “pips” in which the 
spacing of the pips was a measure of the radiation 
intensity. Since this type of record is well adapted 
to electronic scanning, during the same period that 
the detection equipment was being developed and 
installed on the ships, an electronic device for auto- 
matically analyzing the records also was developed 
and constructed at the Laboratory. In this device 
small photo-cells scan each channel of the tapes as 
they are fed through at a fairly high speed, and the 
frequency is automatically plotted as a curve of 
radiation intensity or dose rate against time, while 
through electronic integration a second curve also is 
produced which is the time-integral of the first and 
thus represents the total radiation dosage. 

The conception and development of field meas- 
urement and data analyzing systems of this kind 
require close teamwork between the physicist, elec- 
tronic scientist, engineer and skilled instrument 
mechanics and technicians. The one described is 
an example of a number of systems and devices 
which have been produced at NRDL for obtaining 
radiation and fallout data on board shins. aircraft 
and on land stations. The results are used first to fill 
gaps in the knowledge of weapons effects and 
finally, by further integration and study of results 
from both laboratory and field work, to develop 
valid concepts for countermeasures. 

A noteworthy full scale field test was conducted 
on land by NRDL in the fall of 1956 in collabora- 
tion with Army Chemical Corps Personnel. A por- 
tion of the Army’s deactivated Camp Stoneman was 
used for test and evaluation of decontamination 
procedures for buildings and paved areas (Figure 
20). For this purpose, both wet and dry types of 
synthetic “fallout” were used, the former being 
made from mud taken from San Francisco Bay. The 
radioactive tracer constituent chosen was one with 
a short half-life so that after it had served its pur- 
pose it would quickly decay to harmless levels. 

In the foregoing there has been presented first a 
general summary and then some specific examples 
of some of the highlights of the NRDL research 
program, both in the laboratory and in the field. To 
summarize it very briefly, one might sav that it all is 
directed towards the common goal of determining 
how nuclear radiation and radioactive contaminants 
are produced, what their characteristics are, how 
they reach possible targets and in what amount, 
what harm they are likely to do and what can be 
done about it. 

This is a large task and it is not surprising, there- 
fore, to find that in its efforts to fulfill it, NRDL has 
grown over a span of 10 years from the mere dozen 
ex-crossroads monitors to a staff of over 600. More 
than 300 of those on board are scientific or tech- 
nical personnel, including some 50 at the Ph.D. or 
M.D. level who hold positions as supervisors, pro- 
gram leaders or consultants within the Scientific 
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Department. That department is headed by the 
Scientific Director, a civilian bio-chemist who, like 
several other senior members of the NRDL scien- 
tific staff, migrated west from the Oak Ridge Na- 
tional Laboratory. The Associate Scientific Director 
is a nuclear physicist whose earlier career included 
work and study at the Radiation Laboratory of the 
University of California. This complementary 
choice of backgrounds for the Scientific Director 
and his Associate is designed to help in bridging the 
unusually broad variety of scientific skills required 
for the accomplishment of the Laboratory’s mission. 
The M.D.’s also are represented at the management 
level by a senior Naval medical research specialist 
who, in addition to heading the Laboratory’s Medi- 
cal Department has been serving as head of the Bio- 
Medical Division. The Nucleonics Division is 
headed by a physicist, Chemical Technology by a 
radiological chemist, and the Military Evaluations 
Group by an engineer whose basic training was in 
naval architecture. In addition to this last-men- 
tioned key post, those members of the staff who are 
engineers have no reason to complain of any lack of 
representation at the management level, as the bil- 
let of Commanding Officer and Director at NRDL is 
one which has been designated for a senior Naval 
Engineering Duty officer. 

The ratio of more than fifty per cent scientific, 
engineering and technical personnel to the Labora- 
tory staff as a whole is considered to be a favorable 
one, especially in view of the heavy demands im- 
posed by the nature of its work in such areas as 
physical security, fiscal control, and logistic support 
of field work. The groups which carry out these 
supporting staff and service functions are organized 
and distributed within the Technical-Administrative 
Services Department, the Medical Department, and 
the staff of the Commanding Officer and Director. 
The Technical-Administrative Services Department 
provides a variety of engineering and shop services 
including such specialized ones as instrument main- 
tenance and glass-blowing; security and communi- 
cations; technical information and library; logistic 
support; employee services and transportation. The 
Medical Department is responsible for radiological 
health and safety. In addition to uniformed medical 
personnel its staff includes the civilian health phys- 
icists whose monitoring and inspection functions are 
essential to the safety of all personnel working in an 
establishment which regularly utilizes and handles 
radioactive materials, The organization and func- 
tions of the Scientific Department have been de- 
scribed previously. 

The three Department Heads report to the Com- 
manding Officer and Director in both a line and staff 
capacity. Their contacts with him, which are fre- 
quent and informal, are more often as consultants 
in their staff capacities, since “management by ex- 
ception” has long been an established principal at 
NRDL at the higher organizational levels and De- 
partment and Division Heads are encouraged to 
function autonomously within the general limits of 


basic policy. The Commanding Officer’s staff also in- 
cludes the groups concerned with comptrollership 
and management engineering, Naval and civilian 
personnel administration, and the Program Officers. 

The status and functions of the Program Officers 
are believed to warrant some discussion. They are 
about ten in number and encompass a variety of 
military professional and technical backgrounds, 
such as naval architecture, aviation, electronics, 
military and civil engineering, and chemical war- 
fare. All of the Armed Services are represented in 
this group, and in their liason capacity these of- 
ficers are usually identified with some particular 
Service agency such as the Bureaus of Ships, Aero- 
nautics and Yards and Docks of the Navy, the Of- 
fices of the Chief of Research and Development, 
Chief of the Chemical Corps and the Chief of Engi- 
neers of the Army, the Air Force Director of Re- 
search and Development, and the Armed Forces 
Special Weapons Project. The Program Officers 
carry out several different functions: they maintain 
close liason with their parent agencies which, col- 
lectively, represent by far the greater part of the 
Laboratory’s technical and financial support. This 
liason is a two-way street—it not only serves to 
keep the sponsors continuously informed of progress 
and preliminary results of the laboratory or field 
work of interest to them. but also provides a ready 
channel by which the NRDL staff can obtain addi- 
tional information or background data needed for its 
work. 

The Program Officers also contribute their own 
professional knowledge and experience to the Lab- 
oratory’s work when and as it may be needed. In 
the accomplishment of this, however, the cordial 
military-civilian professional relationship which has 
been developed over a period of some years at 
NRDL is carefully safeguarded by having the Pro- 
gram Officers act in a staff and advisory capacity. 
without upsetting the normal lines of supervision of 
the Scientific Department. On this point it is the 
author’s firm conviction, based on observation at 
NRDL and elsewhere, that where a joint military- 
civilian effort is required in areas involving com- 
parable levels of professional education and back- 
ground, the only sound basis for the relationship be- 
tween the civilian and uniformed professionals is 
one of mutual respect for and understanding of each 
party’s ability and motivation. Unless this exists or 
can be developed, no amount of edicts or orders will 
ever be a satisfactory substitute for it. 

As might be expected, the experience of the Pro- 
gram Officers is particularly valuable in connection 
with field tests, both in the planning stages and dur- 
ing the actual operations, It has not been unusual 
to find the services of one of these officers sought by 
several different laboratory groups for a forthcom- 
ing field operation. While this may cause him to 
feel harried at times, it also is very good for his 
morale. 

During the growth of its program, staff and facili- 
ties, the organizational position and command status 
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of NRDL have undergone a corresponding evolu- 
tion. From its embryonic state as a project attached 
to the Industrial Laboratory of the San Francisco 
Naval Shipyard, the “Naval Radiation Laboratory,” 
as it was then called, soon grew to be a separate 
Shipyard Department. Eventually this status was 
found to be incompatible with the Laboratory’s size 
and mission, and in 1950 NRDL was made a sep- 
arate activity and designated as a component of the 
San Francisco Naval Base of the Twelfth Naval 
District. The Laboratory’s management tie is with 
the Bureau of Ships and its technical control also is 
derived from that Bureau except that for medical 
research matters, technical guidance stems from the 
Bureau of Medicine and Surgery. The various other 
sponsoring agencies are, of course, fully consulted 
in the formulation of those portions of the labora- 
tory program in which they have a joint interest. 

In examining the Laboratory’s history and pres- 
ent technical position, one aspect in particular 
stands out. Many of the distinguished scientists and 
research administrators, both from the U.S. and 
abroad who have had occasion to visit NRDL have 
commented that nowhere else in the world do they 
know of an establishment where a substantial num- 
ber of top-level research people in both the phvsical 
and biological sciences are working together in a 
single, closely integrated department. This is re- 
flected in the design of the new Laboratory building 
itself, where the medical and biological scientists 
are to be found on the fifth floor, the chemists near 
by on the sixth and the physicists and electronic 
scientists on the fourth. It is paying off in ways 
which go far beyond the obvious advantage to the 
M.D.’s and biologists of having physicists and chem- 
ists close at hand to take over or assist in delicate 
physical and radio-chemical tests. where extreme 
accuracy is essential for the detection of subtle ef- 
fects which often seem to be the rule rather than 
the exception in this field. In return, the phvsicists, 
chemists and engineers profit by having continuous 
access to the only species of experts who can au- 
thoritatively aid them in interpreting the useability 
and significance of their findings in terms. for ex- 
ample, of whether an individual who has en- 
countered a radiation situation will be able to con- 
tinue to do his job for the next hour, week, month 
or year, and if so at what ultimate cost. A good 
example of an important area where continuous 
biological experimental support is especially helpful 
to the physicist is the case of neutron dosimetry. A 
physicist working in that field once was heard to 
remark that for reliable prediction of neutron ef- 
fects, especially if a wide assortment of energies 
were involved, he had yet to see a “black box” as 
accurate as a biologist’s mouse, although he hoped 
to produce one eventually. 

Finally, the capability of assembling both medical 
and physical sciences research personnel around the 
same conference or laboratory work table on short 
notice is a tremendous asset, especially when the 
parties concerned have worked together for a long 


436 _—A.S.N.E. Journal, August 1957 


enough period to be able fully to understand their 
respective professional tongues. This type of joint 
effort takes place routinely at NRDL in the planning 
of each major new project or test, evaluation of re- 
sults, preparation or review of a technical manual, 
and on many other appropriate occasions. 

Although established by the Bureau of Ships and 
operated within the Department of the Navy, NRDL 
has an unusually broad cross-section of contacts 
with other Armed Service and governmental age>c- 
ies. When the new Laboratory facility was approved 
at the Department of Defense level. one of the 
stipulations was that its services would continue to 
be made available to all components of the Armed 
Forces. The wording of its presently assigned mis- 
sion also commits it to the broad task of develop- 
ment of radiological protective devices and proce- 
dures “for shipboard, aircraft, and land areas,” and 
“preparation of data for training information re- 
quired by the military services, including assistance 
to other federal agencies and government contrac- 

The Bureau of Ships, as the founding and man- 
agement activity, alwavs has had an extensive re- 
search program at NRDL. Other Navy Department 
agencies which have utilized the Laboratory’s serv- 
ices to a sufficient extent to result in the establish- 
ment and support of definite programs or vroiects 
include the Bureaus of Medicine and Sureery, 
Yards and Docks, Aeronautics, Supplies and Ac- 
counts, and the Office of Naval Research. Others 
have included several different agencies of the U.S. 
Army and the U.S. Air Force, the U.S. Marine 
Corps, Armed Forces Special Weapons Proiect. 
Atomic Energy Commission and the Federal Civil 
Defense Administration. 

Where there is an interest in a particular project 
on the part of more than one agency, arrangements 
often have been made for joint sponsorship and 
support as. for example. by the Army Engineers and 
Navy Civil Engineers. Also. the Laboratory under- 
takes continuously to keep its program as a whole 
consolidated and integrated, so that where basic lab- 
oratory or field data are needed for several different 
projects, it is obtained on a shared basis and costs 
opportioned accordingly. This does not make life 
any easier for the NRDL fiscal staff, but it is fav- 
orable to overall progress and economy. 

The extent to which the work at NRDL has 
brought together so many different scientific dis- 
ciplines within its own staff, and so many different 
agencies as joint sponsors of its program, provides 
a convincing demonstration that the atom can bring 
things together as well as blow them apart, and that 
its “binding energy” can be effective at the human 
as well as the sub-nuclear level. 

The history of warfare contains many examples 
of developmental battles between weapons and 
countermeasures, of which the prolonged contests of 
proiectiles versus armor and torpedoes versus 
underwater protection systems are typical. NRDL 
personnel have found nuclear weapons to be no ex- 
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ception to this give-and-take process. Studies and 
concepts which were believed adequate for defen- 
sive planning against weapons of kiloton yields have 
had to be re-examined, revised and in some cases 
discarded as a result of the thousand-fold increase 
in offensive force which marked the arrival of the 
megaton yields of hydrogen weapons. One example 
of this is in the development of planning concepts 
for the radiological recovery of contaminated shore 
installations. As long as the area of serious con- 
tamination was confined to only a few square miles, 
it was realistic to base reclamation plans on moving 
in from the supposedly clean and undamaged peri- 
phery of the area and clearing it up by a series of 
penetrations. However, with the convincing con- 
firmation at the 1954 Pacific tests that even a single 
thermo-nuclear weapon can seriously contaminate 
an area of several thousand square miles, planning 
based entirely on working in from the “outside” no 
longer is realistic. The cleanup job now may have to 
be handled entirely from the inside—initially from 
small, relatively clean shelter areas completely sur- 
rounded by higher levels of radio-activity. This is a 
much more difficult problem and requires careful 
conservation of radiation dosage through adequate 
shelter, proper timing and optimum use of prev- 
iously developed decontamination procedures. Such 
situations can be handled if the essential advance 
planning has taken place. Studies made by NRDL 
are assisting in the re-evaluation of the civil as well 
as military defense problems created by this nec- 
essary change in planning assumptions. 

The preceding discussion of NRDL’s work has 
been based on its attack against the specific naval 
and military problems which are set forth in its 
mission and represented in its program. The present 
unfortunate division of the populations of the world 
into two camps—one free and one slave—with grow- 
ing nuclear arsenals on both sides, is in itself suffi- 
cient to provide plenty of motivation for the efforts 
of the joint military and civilian staff at the Lab- 
oratory. However, its members also have another 
strong source of motivation in the knowledge that 
practically all of their work, in addition to its rela- 
tion to present needs of the national defense, is of 
value in connection with peacetime applications of 
nuclear energy. As the Laboratory’s Scientific Di- 
rector, Dr. Paul Tompkins, has expressed it, man 
still has much to discover about “the fine art of liv- 
ing with the atom.” Other military research 
agencies have made important contributions to 
peacetime advances in such fields as propulsion, 
metallurgy, communications and medicine. The 


NRDL scientists and engineers likewise can be sure 
that their efforts will help accelerate the develop- 
ment and safe use of nuclear energy in peacetime 
research and industry. Among indications that this 
already is in progress are such events as the in- 
clusion of a visit to the Laboratory in the itinerary 
of a group of distinguished foreign medical research 
specialists who came to this country under the Pres- 
ident’s “Atoms for Peace” program; the inclusion 
of a report on some of NRDL’s work on thermal 
radiation at the first international Conference on 
Solar Energy; and the numerous scientific and tech- 
nical papers regularly accepted from NRDL staff 
members for presentation at scientific society meet- 
ings or publication in technical journals. These 
types of recognition are an essential factor in sus- 
taining the vitality and morale of the civilian staff 
of a military research laboratory, where so often 
certain other results of many months of work must 
be mailed out quietly in double envelopes to a very 
limited distribution, in contrast to the launching 
and commissioning ceremonies of establishments 
producing more tangible products such as ships. 

The potential peacetime value of the work and 
facilities of NRDL was particularly noted by the of- 
ficial visitors at the dedication of the new Labora- 
tory in the fall of 1955. It was commented on by the 
principal speaker—Rear Admiral F. R. Furth, the 
chief of Naval Research—who concluded his re- 
marks with a timely reminder of the peacetime con- 
tributions which often have been made by the Navy 
in the course of the diligent pursuit of its primary 
missions. On a separate occasion later that day an- 
other guest speaker, Dr. Luis Alvarez of the Uni- 
versity of California Radiation Laboratory, recalled 
that Count Rumford’s classic studies which led to 
the first real understanding of the nature of heat as 
a form of energy, resulted from observations which 
he made of the heat liberated in the boring of can- 
non at an arsenal. 

The case of Count Rumford certainly is one of 
the outstanding examples of man’s past success in 
deriving scientific benefits of major peacetime value 
from his very manufacture of weapons of destruc- 
tion. It probably is related to his basic urge for 
survival. It is a fortunate ability, and one that can 
stand occasional nourishment in these times. It must 
have been an awareness of this which led the Chief 
of the Bureau of Ships, Rear Admiral A. G. Mumma 
to conclude the formal Ceremony of Dedication and 
embark the new Laboratory on its mission with 
these words: “...I hereby dedicate this building to 
the service of the world.” 
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Official U. S. Navy Photo 
Two views of an artist’s conception of the Navy’s first nuclear powered surface ship. This, the Guided Missile Cruiser 


Long Beach is scheduled in the fiscal year 1957, U. S. Navy shipbuilding program. 
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Gentlemen: My subject this morning is “The In- 
fluence of Weapons on Modern Strategy,” with a min- 
imum of discussion on historical perspectives and 
maximum coverage of developments in the decade 
just past and the decade next to come, This is a large 
and complex subject, so without preliminary remarks 
I shall plunge right in. 

In discussing weapons of the period 1945 to 1965, 
the first thing we should be clear about is that we are 
not concerned solely with firepower but with mo- 
bility as well. Although the element of mass destruc- 
tiveness is exercising a profound influence on strate- 
gic planning, equally impressive in its impact is the 
mobility of the new weapons complex, and by mo- 
bility I mean both range and speed. In this year, 
1956, firepower has already reached a capacity for 
destructiveness which is at the point of diminishing 
returns, but we are just on the threshold of the abso- 
lute in speed and range. In the next decade or so, we 
can expect that nuclear propulsion will catch up with 
nuclear explosiveness to give us highly destructive 
weapons of infinite mobility. 

In assessing the influence of modern weapons on 
strategy, then, we should, if we are to make that as- 


— 


sessment meaningful, consider more than the bomb 
and the shell. We should include also the means by 
which the firepower is conveyed to the target. In this 
context not only the bomb, the rocket and the guided 
missile are weapons, but the nuclear-powered sub- 
marine, aircraft and aircraft carrier, and the super- 
sonic plane should all be considered as weapons, as 
weapons systems, or, if you prefer, as a complex of 
weapons systems. 

Weapons, looked at in these terms, have already 
had certain practical, tangible effects upon strategy 
itself. But more important they are having, and will 
continue to have, profound effects upon strategic 
theory, upon the whole process of thinking out just 
what war is and what strategy means in the nuclear 
age. What are these effects—both the practical and 
theoretical? There are six that I want to list briefly 
and then discuss in greater detail. 

First, the present weapons complex, by making the 
offense vastly superior to the defense, has convinced 
us as a defense-minded nation that we must depend 
for protection on instant retaliation. Weapons of the 
future, however, will make this strategy obsolete 
unless we increase the mobility of our weapons sys- 
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tem. Second, modern weapons have thus far encour- 
aged us to formulate strategy in terms of deterrence 
or defeat, all or nothing, peace or war, capitulation or 
suicide. This is unacceptable. Therefore, third, we 
are being forced to reshape our thinking about war 
itself in order to give us greater freedom of strategic 
maneuver. 

Fourth, while these new weapons have in the last 
ten years made us think of strategy primarily as a 
science of destruction, in the future they are going 
to make us think of it once again as the art of con- 
trol. Moreover, and this is the fifth point, under the 
impact of new weapons, military strategy will have 
to be restored to its proper place as only one element 
in national strategy, and a subordinate one at that. 
And, sixth, modern weapons are making necessary a 
renewed appreciation of the role of logistics in stra- 
tegy—a role we have tended to forget or submerge 
in our fascination with nuclear power as a destruc- 
tive force rather than as a means of propulsion. 

Now, if we were to draw up a balance sheet on 
these six points and look at the net effect of the new 
weapons, some might conclude that strategy is being 
simplified—made a matter of black and white— 
whereas by all tenets of logic it should be realized 
that strategy is every day becoming more complex, 
less a science of measuring degrees of destruction and 
more the art of maneuvere and control. Perhaps we 
should say that brainpower or intellectual insight is 
the missing element in strategy today. I don’t mean 
that able men are not struggling to reshape strategic 
thinking. They are. But the revolution effected by 
weapons has been so swift that it is difficult to keep 
pace with events. 

Now, from such preliminary thinking as has been 
done, what can be said about the influence of weap- 
ons of offensive vs. defensive strategy? Historically, 
increases in firepower have generally favored the de- 
fensive. This was certainly the case in the First World 
War when artillery was lined up hub to hub, and 
human flesh could make no headway against it. On 
the other hand, advances in mobility have generally 
favored the offense. During World War II, when air- 
craft flew over the lines and tanks sliced through 
them, the offensive was rehabilitated even in the face 
of vastly increased firepower. In the postwar years 
it has been the mobility of long-range bombers with 
their nuclear payloads which have kept the offensive 
supreme. 

Again historically, when the offense has out- 
stripped the defense, the classical strategic solution 
has been to meet the aggressor with a counterthreat. 
This has naturally led us, with our capacities of fire- 
power and mobility, to the doctrine of retaliation. 
This is what the modern weapons complex has done 
to strategy so far. But have we thought through the 
situation fully and given due weight to the weapons 
of the future? 

I think not. Given our present strategic doctrine, 
the supersonic bomber and intercontinental missile 
of the future may hand the enemy the chance to de- 
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stroy our retaliatory power before it is ever launched. 
With the degree of speed and accuracy forecast for 
weapons systems of the future, the defender’s ability 
to defend himself may well decline to zero. Under 
such circumstances we would have to strike first or 
capitulate. These would be acts of desperation which 
we must avoid. The aggressor, by incurring the onus 
of the entire world, would lose the peace by the very 
process he employed in winning the war. 

What can we do about this? There can be only one 
answer unless all nuclear powers reach such a har- 
monious relationship and mutual trust as to permit 
disarmament. Our only alternative is to give our 
weapons complex such mobility as to guarantee us 
the power to retaliate under any circumstances. Our 
current strategy depends upon a large number of 
fixed air bases spread throughout the free world. This 
will not be adequate for the future. When supersonic 
speeds become a commonplace among the great pow- 
ers of the world, and when intercontinental ballastic 
missiles with nuclear warheads are capable of being 
laid on targets in advance, our fixed bases will 
scarcely remain retaliatory assets. They will be easy 
to locate, difficult to defend and vulnerable to a single 
hit. 

Nuclear-powered aircraft carriers of the future, 
constantly on the move, will increase the mobility 
of our weapons complex to some extent, and if long 
range aircraft and missiles can be launched from 
them, we will retain some retaliatory capability. 
Nevertheless, for the years ahead they will not be 
enough. They will be relatively slow-moving and will 
make tempting targets for manned aircraft. 


It is in the development of the nuclear-powered 
seaplane that we may well find the best answer to 
this problem of mobility. I say seaplane rather than 
land-based aircraft for two reasons. In the first place, 
land-based planes, even if they could remain in the 
air to the limit of human endurance, would have to 
return eventually to a fixed base which could be 
obliterated. For maximum assurance that a surprise 
attack will not destroy our retaliatory power, moving 
bases are essential. Counterattacking forces must not 
only be widely dispersed but constantly shifting. 

In the second place, I am informed that the flying 
boat is at present the only answer to the weight 
problem of nuclear power plants. No landing gear has 
yet been designed which can stand such a burden 
except for the seaplane hull. It would take relatively 
few such aircraft, constantly on the move with their 
own transportable pontoon docks, establishing bases 
for themselves wherever a suitable stretch of water 
was available, to keep our retaliatory power high. 
Such docks have been developed. When the nuclear- 
powered seaplane has also been constructed (and re- 
search on it is already under way), a few of them 
can give a measure of guaranteed retaliatory power 
unmatched by dozens of vulnerable land-based craft. 

Fortunately some people are already thinking 
about how to fit such seaplanes into our retaliation 
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system as they become available. They realize that 
the firepower of the present, and the mobility which 
the future seems to offer, indicate that the counter- 
attack, or defense through offensive retaliation, will 
remain strategically valid only if we are not hypno- 
tized by the pseudo-mobility of a completely land- 
based air force. 

It has been truly said that strategy is indivisible. 
We must remember this, and think of strategy as a 
whole rather than let ourselves be ensnared by the 
lure of its separate elements. Under an integrated 
system of strategic thought we will concern ourselves 
less with a particular weapons system and whether 
it is land-based or sea-borne or is an aspect of air- 
power. We will concern ourselves instead with what 
strategy must accomplish, and then develop whatever 
weapons complex that strategy dictates. 

My second point follows logically from the first. 
The construction of weapons which will guarantee 
our ability to retaliate is just a first step—not the last 
—for even if the enemy is deterred from launching 
an all-out attack through fear of committing suicide, 
there are other ways of waging war which we must 
be able to counter. Moreover, the enemy may not be 
deterred. By restricting ourselves to a retaliatory 
strategy, we are wagering our physical plant, our 
governmental structure and indeed our whole way 
of life against the enemy’s. These are, to put it mildly, 
unfavorable odds. Military men should know better, 
and most of them do. They know that to risk their 
fleets and armies unnecessarily is an unforgivable 
error, and they will seek to accomplish their missions 
by means which will reduce the hazard. How much 
greater a blunder would it be for a nation to risk its 
existence by deliberately depending on a strategy 
which permits it no alternative but annihilation or 
capitulation in the face of every threat! 

This nation has the highest standard of living in 
the world; it has a democratic philosophy and system 
of government which is the greatest tribute to man’s 
ingenuity ever devised. To throw these assets on the 
bargaining table as equal stakes against the poverty 
and human degradation of the Soviet system is an 
act that cannot be tolerated unless our vital interests 
are imperiled. And the fact is that they will not be 
risked if the Soviets act only in areas where our in- 
terests are of minor import, The principle of deter- 
rence is, after all, based on the will to act. If we are 
unwilling to set our rigid strategy in motion except 
where our vital interests are threatened, we will lose 
our minor assets by default. And it is worth noting 
that a series of minor losses can have important cum- 
ulative effects and may even culminate in a vital loss 
to the free world. 

It has been said that our strategic air force is an 
insurance policy protecting us from nuclear weapons 
in the hands of others. It has been called a police 
force to promote world stability. Both terms are 
semantically incorrect. SAC does not insure us 
against assault nor does it pay off if we are attacked. 
It is a desperation strategy pure and simple. As for 


a police force, its purpose is to keep order by prevent- 
ing crime and apprehending criminals. Strategic air 
power cannot possibly play all these roles. It can per- 
haps prevent major crimes and punish them, but 
chaos, not world order, will result from nuclear war. 
Strategic bombing is a method of employing weapons 
in one particular type of war. The very existence of 
SAC may channel future wars into something less 
than total conflicts, and this is its great asset. But we 
should not claim for it more than it can do, and thus 
rigidify our strategy. We must still have the weapons 
and the strategy to cope with the lesser and more 
subtle conflicts that may arise. 

How did we arrive at this all-or-nothing thinking? 
From the moment the first atomic bomb was dropped 
on Japan we became hypnotized with the power we 
had created. Having a monopoly of this power we be- 
came complacent. Even when the threat from Russia 
became apparent, we had only a momentary twinge 
of uneasiness. Korea demonstrated that our nuclear 
strategy was impractical, and we were forced to build 
up our conventional forces in the Far East and in 
Europe. But this didn’t last. Gradually we dropped 
back to the sterile concept that all but the most pow- 
erful weapons were futile. Almost daily we read in 
the papers and military journals that the eventual 
use of atomic weapons in war is inevitable. Military 
leaders, government officials and news analysts are 
saying either in criticism or with confidence: “A 
major war must now be atomic in nature. Why? Be- 
cause the posture for atomic warfare cannot be rec- 
onciled with retaining a conventional capability.” 
They are saying in other words that since we have 
nuclear weapons, we must use them, because they 
impose on us a nuclear strategy which leaves us no 
alternative. 

Korea, Indo-China, Malaya, Suez and Algeria are 
vivid demonstrations that a strategy of all or 
nothing, of peace or total war, is unnecessary, un- 
imaginative and inappropriate to the nuclear age. But 
so blinded are some of us by our new weapons and 
their influence on strategy that we cannot see what 
is staring us in the face. Even today when we have 
lost our monopoly of nuclear power, we cling to our 
faith in a strategy which had only limited validity 
when we alone held that power. Being dazzled by our 
nuclear weapons, we are basing our strategy on what 
these weapons and no others can permit us to do. 
Nuclear weapons, then, have become an end in them- 
selves rather than one of many means to attain politi- 
cal ends. 

By premising our thinking on weapons of mass de- 
struction, and basing our military strategy almost ex- 
clusively on the advantages of these weapons, we 
have deprived ourselves of flexibility. With a rigid 
military strategy, no policies can be formulated and 
no objectives can be achieved which cannot be im- 
plemented by nuclear destruction. It is one thing to 
negotiate through strength; it is quite another to ne- 
gotiate on the basis of a power which breeds self- 
destruction. We are not only power-minded but nu- 
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clear power-minded. Our rigid strategy did not help 
us in Korea. It has given us only limited additional 
strength to deal with the Suez situation and none for 
the Hungarian crisis. In a sense it ties our hands by 
tying our minds to a single objective: total peace or 
total war—deterrence or self destruction. 

This is what the development of nuclear weapons 
has done to strategy to date. It has rigidified it and 
left us increasingly with no policy but deter or die. 
Such a situation is obviously unacceptable. Thus we 
are forced to reshape our thinking not only about 
strategy but first of all about war itself. We must find 
ways to give us greater freedom of maneuver by pro- 
viding more alternative objectives. There is nothing 
inherent in the weapons system, in strategy, or policy, 
or in the international situation which automatically 
restricts us to the extreme alternatives of peace or 
total war. Nothing limits us but our range of think- 
ing. 

The idea that wars must reach the apex of destruc- 
tiveness to be successful is not a new one. It began 
with a misinterpretation of Clausewitz; it grew in 
stature during the First and Second World Wars; and 
it has become a fetish with us since the growth of 
nuclear weapons. There is nothing in this concept, 
however, that can’t be changed by changing our 
thought processes. You know the _ expression: 
“There’s nothing right or wrong but thinking makes 
it so.” This is the case here. If our statesmen and sol- 
diers and those of the enemy are convinced that total 
war is inevitable, it will be. They will make it so by 
adopting strategic plans which permit no alternative. 

Had there been no Korean conflict, the idea that 
war must be total might have proved impossible to 
shake. But we have had a limited war waged by a 
nation possessing atomic power, and more recently 
we've had one in the Middle East. These two cases 
alone provide ample demonstration that, even with 
nuclear weapons, wars do not have to be carried to 
the extreme. They can be, they may be, but they do 
not have to be. 

If we are going to minimize the chance of nuclear 
war, we must provide alternatives. To do this we 
must start our thinking not with war as an end in 
itself but with the purposes of war or the objectives 
which they serve. Now, war as a rational act must 
serve to maintain or strengthen national security. Nu- 
clear war can be employed only as a last resort, be- 
cause the most it can do is to preserve the sovereignty 
of the victor. It will virtually destroy everything else. 
Certainly, nuclear war cannot leave a belligerent bet- 
ter off than before the war; it can only leave it better 
off than the enemy. The meaning of the phrase “to 
win a war” has, then, been sharply curtailed. The 
more limited the war, the more advantages victory 
can bring. The winner of a limited war can win in 
every sense of the term; the victor of a total war 

cannot. 

With this in mind we can think through our prob- 
lem more clearly. We will not fall into the line of 
thought which once caused a German General to 
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say: “The best thing that diplomacy can do is to 
create the most favorable situation for military ac- 
tion.” To be sure this is one objective of diplomacy— 
to build alliances and create situations of strength, 
but the primary objective of both diplomacy and war 
is to create the most favorable situation for a stable 
peace. Our foreign policy must see to it that we do 
not become isolated in an inflamed world, for this 
would create conditions for total war. Likewise, our 
strategic plans must be so framed that there is some- 
thing other than wreckage to work with when peace 
is restored. 

What I am driving at is this. We must get away 
from the idea that policy governs only until war be- 
gins, that it is then discarded and war emerges as an 
end in itself. To prevent such an idea from dominat- 
ing our minds, the first thing to do, is to stop thinking 
in terms of complete peace and stability, on the one 
hand, and uncontrolled and unlimited war on the 
other. At a time when weapons have such a strong 
influence on strategy and when the single act of target 
selection can destroy the world or prevent postwar 
stability, it is dangerous for the policy-maker and the 
strategist to think in terms of extreme alternatives, 
although the tactical commander may have to do so. 

It is time to realize that there is a yawning gap in 
our thinking between peace and unlimited war, that 
there are middle degrees of conflict, and that we can 
control our destinies only by keeping a firm hand on 
these lesser conflicts. We should be prepared to deal 
with realities and normalities rather than abstrac- 
tions and extremes. Complete peace and absolute 
war have never existed. Total absence of conflict and 
war to the point of suicide are meaningless abstrac- 
tions. Human nature being what it is, with its appe- 
tites, jealousies and passions, will never allow com- 
plete harmony to prevail. And if we can credit 
mankind with any degree of logic and intelligence at 
all, we can conclude that world suicide is an unlikely 
choice. It is the middle degrees of conflict between 
these extremes that should concern us, because these 
are the real areas in which we have to operate. 

The actual situation reveals a continuum of con- 
flict, starting with a maximum of harmony at one 
end and graduating toward increasingly intensive 
and broadening conflicts across the spectrum. We 
might describe these degrees of conflict in this way. 
First, there is the state of international tension at 
a level which still permits cooperation. Conflicts in 
this range may be economic or political in nature. 
They can have to do with trade barriers or bound- 
ary disputes. They may be local, regional or global 
in scope. This is a state of affairs in which we still 
have control of our actions and emotions. We are 
still using logic and reason to arrest conflict or wipe 
out its cause. This, historically, is the most normal 
state of international affairs—controlled conflict 
characterized by varying degrees of cooperation, 
compromise and the will to reduce tensions. 

The next state of conflict is one that we have 
come to call “cold war,” but which any previous 


age 
| terr 
bloc 
but 
lon: 
tion 
as 1 
acu 
witl 
trol 
of 1 
| Per 
cha 
per 
que 
7 
exe 
rat 
los 
on 
tin 
giv 
viv 
ha: 
the 
the 
is 
thi 
| ke 
tri 
we 
pli 
an 
ch 
co 
ev 
D: 
ar 
pc 
| te 
ge 
m 
pe 
m 
m 
tk 
di 
| 
tr 
re 


G. B. TURNER 


INFLUENCE OF WEAPONS ON STRATEGY 


age would have characterized in quite different 
terms. We call it cold war because two great power 
blocs exist so violently opposed to one another that, 
but for the presence of nuclear weapons, they would 
long ago have been engaged in direct military ac- 
tion. The name we give to it is unimportant so long 
as we understand that it is a situation of conflict so 
acute and brittle that we have kept it controlled 
with only limited success. We might call it semi-con- 
trolled conflict, for, despite an arms race and threats 
of retaliation, brushfires occasionally do break out. 
Persuasion and pressure rather than cooperation 
characterize this conflict stage—mainly diplomatic 
persuasion and economic pressure, but with fre- 
quent threat of military force. 

The last stage in which some degree of control is 
exercised is that called “limited war.” Coercion 
rather than persuasion dominates this phase. It is 
one in which the final vestige of control is easily 
lost. One false move, one heightening of objectives, 
one wrong weapon employed, and the war of ex- 
tinction can come with startling speed. Coercion 
gives way to destruction, and even if the world sur- 
vives, the chance for a stable international order 
has been shattered. In limited warfare, however, 
there is still the possibility of restoring control, and 
there is everything to gain by doing so. This stage 
is man’s last hope of survival. 

Our efforts, then, and this includes our strategic 
thinking, should be maximized in the direction of 
keeping affairs at the lower end of the conflict spec- 
trum. As long as we limit the intensity of conflict, 
we control our destinies; and strategy should be 
planned with this in mind. It is a fundamental error, 
and a dangerous one, to base strategic planning ex- 
clusively on that extreme state of affairs in which 
control has already been lost and destruction is in- 
evitable. 

Strategy, therefore, should not be considered as 
a science of destruction. Following the reasoning of 
Dr. Herbert Rosinski, I prefer to think of it as the 
art of control. This, you may recall, was the fourth 
point I made about the effect of modern weapons. 
Nuclear weapons have led us to think of strategy in 
terms of mathematics—so many miles of range per 
gallon of fuel, so much speed per unit of energy, so 
much destruction per target selected and pound of 
explosive dropped, so much mechanical efficiency 
per dollar spent. The machine replaces the man; the 
manned aircraft gives way to the guided missile. 
There is less thought about maneuver, flanking 
movements, double envelopments and more about 
the straight punch. 

Strategy has reached a low point indeed when it 
depends on machines to destroy rather than on 
men to maneuver and control. It cannot fulfill its 
true function under such circumstances. After all, 
gentlemen, what is strategy but the manipulation of 
resources to achieve desired ends in situations of 
conflict? The element of conflict or competition is 
part and parcel of any strategic situation. We can’t 


think of strategy divorced from a state of conflict. 
This is why we talk about strategy in poker, in 
football, in politics. In such cases we try to outwit, 
outplay, outmaneuver the opponent. We play for 
victory if we have the resources, the power, the 
cards, or whatever, but if we cannot win, we adjust 
our strategy to limit our losses. We figure odds, take 
risks, attempt to exercise control over’ the action of 
our opponent by bottling up his resources, by hob- 
bling his stength, by depriving him of initiative. We 
don’t try to destroy him, but deprive him of the 
ability or will to continue the play by destroying or 
curtailing his resources. 

And so it is with the kind of strategy we are con- 
cerned with this morning—the strategy of a nation 
seeking to maintain its security in a world of con- 
flict. By means of strategy the nation seeks three 
kinds of control. It seeks to direct or control its 
own resources, tools, weapons and power. It seeks 
to control or restrict the use of its enemy’s re- 
sources by destroying them or making it unprofit- 
able to use them. And it seeks to control the conflict 
situation—to channel it into lines most profitable to 
itself. Never before in history has the element of 
control been so important. Nuclear weapons have 
made it imperative that we keep the conflict in the 
lower ranges of intensity. The objective of strategy, 
whether national or military, is so to control its own 
power and that of the enemy that the conflict will 
not get out of hand and erupt into total war. 

How is this to be done? One way is to always 
keep our eye on the objective, to realize that this 
objective is to maintain our way of life, and that the 
only way to do this is to control the conflict be- 
tween our enemy and ourselves. We have already 
made a large stride in this direction when we have 
recognized that we are not in an all-or-nothing sit- 
uation, but that the degrees of conflict are multiple 
and ever-shifting. 

How does this help? Because to exercise control, 
we must have alternatives—alternative courses of 
action, alternative means, alternative goals. If our 
goal is total victory and our tools are hydrogen 
bombs, there’s no alternative but total war. If, on 
the other hand, we set forth as our goal, keeping 
somewhere on the wide spectrum of conflict other 
than its extreme destructive end, we immediately 
give ourselves maneuver room. Our courses of ac- 
tion then lie in the economic, diplomatic, and psy- 
chological realms with all the tools available to 
those fields of action. Moreover, we have a wide 
range of alternatives in the military field ranging 
from simple displays of power to limited, peripheral 
wars. And, in all these cases, a good military strat- 
egy retains a tremendous ability to maneuver and 
capacity to keep the conflict under control. 

The hydrogen bomb by giving us the power to 
commit suicide, has forced us to control this power, 
and has thus reopened for the military strategist 
vast new challenges for weapons development, and 
unparalleled opportunities to exercise imagination 
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INFLUENCE OF WEAPONS ON STRATEGY 


G. B. TURNER 


in their employment. This should be an exciting and 
challenging age for the strategist. Never has he had 
a greater variety of tools in the field of communica- 
tion, transportation and weaponry. Never has his 
theater of operations been larger, yet more access- 
ible. Never has he been more capable of acting in 
the air, on the ground and in the sea. It’s the wea- 
pons of mass destruction which have forced this 
opportunity on him, because never before has he 
had an enemy which can destroy his country in a 
matter of hours if he makes a simple mistake. His 
mental energies, then, must be directed as much 
toward controlling the enemy’s actions as his own. 
This has always been true in war, but never to the 
extent it is today. Strategy, as the art of control, has 
come into its own once again. 

Strategy, of course, is not simply a matter of 
using resources. It must also direct their develop- 
ment and timely construction, Let’s take a current 
example. Last summer Britain and France envis- 
aged military action in Suez, but neither country 
was ready to apply military power of a type suited 
to the situation. Both could have used strategic air- 
power immediately, but this couldn’t accomplish 
the objective of physically occupying the canal and 
keeping it open. What was needed was a combination 
of sea and airborne landings supported by all the 
paraphernalia of conventional warfare. Neither 
France nor Britain had the weapons, forces or lo- 
gistic capacity for such a rapid operation last sum- 
mer, and apparently they didn’t have it last month 
when they tried to seize the whole canal before it 
could be blocked. Their strategy was rendered use- 
less and dangerous through lack of timely develop- 
ment of the means required to make it work. 

The first thing then, the strategist must know, is 
the kinds of results he will be expected to achieve. 
Knowing this, he can then, and only then, deter- 
mine the weapons and forces he will need. If he is 
to fight the kind of war which will create future 
conditions of peace, if he is to maintain the flexi- 
bility necessary to meet the wide range of conflicts 
which our continuum has revealed, he will need a 
wide range of weapons. If he is to be ready to fight 
instantly in any portion of the globe, under all con- 
ditions of weather and terrain, he must stockpile 
military hardware of quality and in quantity. If he 
is to strengthen the hand of the negotiators in cold 
war situations, he must have the capacity of grad- 
uated deterrence, for if we can only react massively 
and not oppose lesser aggressions against minor in- 
terests, the hands of the diplomat will be tied. In 
other words, the strategist must maintain the ca- 
pacity of employing selective force as well as mas- 
sive retaliation, and both must be ready for instant 
use. 
Not only does the strategist need to deter all 
kinds of aggression, and keep the conflict limited, 
but he must have the means to make the enemy 
change his mind. His task in the nuclear age is to 
destroy the enemy’s will to continue fighting rather 
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than his ability to fight. For in order to destroy his 
ability completely, his cities or his military forces 
must be destroyed; and with Russia as the enemy, 
it appears that this can be done only by nuclear 
war. If, on the other hand, you can destroy the 
enemy’s will to fight, you won’t have to destroy his 
ability, and yours as well. 

The means of curtailing an enemy’s will to fight 
are numerous. The threat of massive retaliation is 
one important way. The ability to stop his minor 
aggressions in their tracks with precision weapons 
is another. Diplomacy and propaganda, and eco- 
nomic pressures, are still others, but these must be 
accompanied by military preparations which com- 
plement them rather than oppose them. As Clause- 
witz said over a century ago, there are a thousand 
ways to achieve objectives in war—some subtle and 
some not so subtle. The main thing to remember 
today is that the use of nuclear weapons, and espe- 
cially strategic ones, reduces the thousand ways al- 
most to one. As soon as military destruction is sub- 
stituted for lesser forms of coercion and pressure, 
the ability to control the degree of conflict is lost, 
and so is our objective. In order to retain control— 
that is, to keep the war limited—the strategist must 
have the capacity to fight both general wars and 
local ones; he must have ground, sea and air wea- 
pons of infinite variety in order to protect his home- 
land and that of his allies. 

Having developed the weapons needed to keep 
the conflict limited, the next step is to direct the 
employment of the weapons in accord with the sit- 
uation. Weapons themselves are inert until put to 
use. It is one of the tasks of strategy to employ them 
correctly. Strategy, then. among other things, pro- 
vides the intelligent direction of weapons and forces 
to the achievement of a variety of goals. Again, I 
emphasize the element of control, for strategy is an 
inte'licent system of direction and control—a means 
of convincing the enemy that it is in his interest to 
sue for peace. Of course we must first convince our- 
selves that the absolute destructiveness of total war 
is the negation of strategy rather than the further- 
ance of policy. 

And this leads me to my fifth point—that it is 
particularly important in the age of nuclear wea- 
pons for military strategy to be subordinate to na- 
tional strategy. I touched on this a moment ago 
when I said there were certain non-military means 
which might persuade an enemy to stop fighting, 
and that military action should not contradict them. 
As you all know, in theory, military strategy has 
always been subordinate to national strategy, but 
the awfulness of modern weapons has made it par- 
ticularly important that from now on we actually 
do keep military strategy in its proper place. 

Please take particular note that I did not say mil- 
itary “men” but military “strategy” should play a 
subordinate role in national strategy. Paradoxically, 
it may be that in order to restrict the one it will be 
necessary to elevate the other. For in actuality it is 
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INFLUENCE OF WEAPONS ON STRATEGY 


the civilian who is forcing preoccupation with wea- 
pons by failing to provide alternate objectives and 
policies, and by withholding the financial resources 
necessary to permit a flexible military strategy. I 
have every confidence that the military expert, if 
given a wide range of goals and ample means, 
would formulate alternate strategies. It is primarily 
because his strategy is rigid that it has come to 
dominate affairs. 

Now, if we define national strategy as the art of 
developing and directing a nation’s resources to the 
maintenance of national security, then military 
strategy must be the art of developing and directing 
military resources to the same end. You will note 
I do not say that the armed forces are to be used to 
achieve military aims, because this is not always 
the case. No matter what the resources—whether 
diplomatic or economic, psychological or military— 
they should be directed toward the maintenance of 
national security, national aims—not simply mili- 
tary ones. Here is where we often make our great 
mistakes. By directing military force exclusively 
toward military ends, we let military strategy over- 
ride national strategy, and with today’s weapons 
such a course can be a fatal one. 

For example, some years ago we decided that one 
means of maintaining our national security was to 
strengthen Western Europe. We wanted to build it 
up as an element of strength for the free world. To 
that end we developed a national strategy which 
included employing our economic resources in giv- 
ing economic aid to Europe. At that time our mili- 
tary strategy was based simply on attacking Rus- 
sian cities from the air if the Soviet forces moved 
westward. Then under fear of Soviet military aggres- 
sion we began giving military as well as economic 
aid to Western Europe. We entered into diplomatic 
negotiations to form an Atlantic Alliance in which 
we pledged ourselves actually to defend Western 
Europe. This was something new. The North At- 
lantic Pact was not designed to have us withdraw 
from Europe and return, but to defend it. When we 
had a monopoly of atomic weapons, our military 
strategy was in line with our national aim of keep- 
ing Europe whole. The economic, the diplomatic 
and the military elements of our national strategy 
were parallel. 

But on the day that Russia exploded her first 
atomic bomb, the situation changed drastically. 
Since that time a military strategy based on using 
nuclear weapons has been out of harmony with our 
national aim of defending Europe. A nuclear war 
cannot preserve Europe; it can only insure its de- 
struction and waste the economic resources we have 
poured into it. If we do not use the nuclear strategy 
we have devised, we must, in the absence of other 
means, withdraw from Europe, which, again, is con- 
trary to our aims. If our military strategy can only 
produce destruction or withdrawal, it is dictating a 
national strategy of destruction or withdrawal 
whether we plan it so or not. The only way the two 


strategies can be brought into line with policy, is 
to provide weapons which will give us command of 
the air in order to keep Russian bombers out of 
Europe and lend cover to NATO forces on the 
ground. Tactical air power, however, remains sec- 
ondary in our military scheme of things. 

Putting this another way, we have one policy for 
peace: economic and military aid to strengthen 
Europe with massive retaliation to preserve the 
peace. And we have another policy for war: de- 
struction or withdrawal. Our military strategy then 
is designed to achieve a military aim: military vic- 
tory over Russia through destroying her even at 
the cost of wrecking Europe. Perhaps I have over- 
drawn the situation for the sake of brevity, but I 
think not. Certainly the essence of what I am say- 
ing is true; and it does not make sense. The only 
thing that does make sense is to make our military, 
economic and political strategies parallel so that 
they do not work at cross purposes. Only in this 
way can military strategy be a true servant of na- 
tional policy. Our military plan in Western Europ2 
should aim first at deterring war, and, failing this, 
to prosecute that war in such a way that we can 
achieve a favorable settlement with a minimum of 
damage to a healthy Europe. We must not let our 
preoccupation with mass destruction weapons make 
us frame a military strategy out of harmony with 
our ultimate objectives and out of harmony with 
the national strategy by which those objectives are 
to be pursued. 

Now, I said a moment ago that I might be over- 
simplifying our current military strategy by imply- 
ing that it was an all-or-nothing concept, but I won- 
der if I was. We do have air, sea and ground forces. 
We have some atomic weapons of relative precision 
as opposed to those of mass destruction, and we 
still retain a certain capability in conventional war- 
fare. But the question is: how quickly can we put 
such forces into action and sustain them? Are we 
prepared logistically to shift from SAC and total 
war to infantry and brushfire conflicts? Has our 
strategic planning for unlimited war precluded us 
from exercising the control necessary to keep the 
current conflict limited? The answers to these ques- 
tions necessarily turn on our logistic capabilities, 
for our armed forces as instruments of control, are 
of no use unless they can be transported to the 
point of conflict quickly and sustained long enough 
to permit them to stamp out brushfires and regain 
control. 

You will recall that my sixth point concerning 
the influence of modern weapons was that they 
were causing us to subordinate the role of logistics 
in strategy. Gentlemen, this is the trend, and we 
must reverse it as a brief look at the definition of 
strategy will demonstrate. Strategy is the art of the 
possible—the logistically possible. It is, as I have 


‘said, the art of directing a nation’s resources for the 


maintenance of national security. It is inseparable 
from logistics because both logistics and strategy 
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are concerned with resources. One provides them, 
the other employs them; and strategy can do no 
more than logistics permits. At the highest level of 
military decision it is frequently discovered, when 
it is too late, that a nation’s strategy is restricted 
to what is logistically feasible rather than to what 
is strategically desired. 

American strategy today is designed primarily to 
deter or destroy, and the main instrument to effect 
this is the Strategic Air Command. SAC rightly has 
priority on our military air transport system. Even 
if SAC is not used, ample air transportation must 
be held in reserve for it. The question is, whether 
under these conditions, M. A. T. S. is set up to im- 
plement any other strategy—especially one de- 
signed to control the enemy’s actions by conven- 
tional means? Our strategic plans are apparently 
based on the full use of our air transportation, but 
what happens if an unforeseen emergency should 
arise? 

Let’s take an example which is only partly hypo- 
thetical. A few weeks ago we urged the creation of 
a United Nations Emergency Force to control the 
conflict in the Middle East. It was to our interest to 
keep the Suez open, and the government’s policy 
was to get French, British and Israeli forces out of 
Egypt quickly so that Russian volunteers would 
have no excuse to move in. Our obiective was to 
control the situation, to get the conflict back on a 
non-military basis, and to keep out alien military 
forces which might bring on a conflict of greater 
intensity. Air transportation was the auickest meth- 
od of putting the UN Emergency Force on the 
scene, and we offered air transports on a limited 
scale to fly it to a staging area short of Egypt. 

So much for the facts. The question is: could we 
have offered more planes without undue risk? SAC 
retained priority on our transport system and al- 
ways will, because we can’t afford to curtail in anv 
way the effectiveness of our greatest deterrent and 
striking arm. The rest of M. A. T. S. has heavy 
commitments to other tasks; the evacuation of thou- 
sands of military dependents from danger zones, 
support of NATO, protection of the United States, 
and so forth. Moreover, what if Russian volunteers 
should begin moving in? Do we then drop bombs 
on Moscow and bring on the very war we are trying 
to avoid. or do we fly troops of our own into the 
Middle East either to limit the conflict geographic- 
ally or perhaps prevent war altogether by facing the 
Russian volunteers with a superior force? The an- 
swer to this question depends upon our logistic 
capabilities. 

Here is a situation in which we cannot exercise 
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the control necessary to keep the conflict in reason- 
able bounds, because weapons of mass destruction 
have influenced our strategy in a single direction 
and caused us to underestimate the logistic capa- 
bilities necessary for a flexible strategy. And what 
has been said of air transport applies in varying 
degrees to every other aspect of logistics. I would 
also say, to the extent that the science of logistics 
is concerned with the movement of men, equipment 
and supplies, we should be making great efforts to 
see what nuclear propulsion can do for the develop- 
ment of that science. 

Time does not permit me to give a full summary 
of the influence of weapons on strategy today and 
tomorrow, but this much should be said. Since nu- 
clear power has made the offensive so vastly su- 
perior to the defensive, we must have a highly 
mobile weapons complex in order to retain our re- 
taliatory capabilities. Keeping pace with this re- 
quirement is going to demand an integrated system 
of strategic thought in our military establishment, 
less concern with the separate components of air 
power, sea power and ground forces, and far greater 
emphasis on the logistic problems which a highly 
mobile weapons complex is bound to raise. 

The new weapons of mass destruction have in- 
flicted us with a kind of myopia. We have become 
so shortsighted as to plan our strategy in terms of 
an all-or-nothing policy when in fact, more than 
ever before, we should be concentrating on the 
middle ranges of conflict and framing our strategies, 
both national and military, with a view to control- 
ling the situation in order to prevent it from degen- 
erating into all-out war. Control requires flexibility. 
It requires an assortment of aims, of means and 
courses of action. 

The strategist in the nuclear age, then, has a stag- 
gering task. He must first of all frame his plans so 
that they will be consistent with a wide range of 
national strategies all aimed at achieving our ob- 
jective of maintaining our way of life. For this task, 
he must provide himself, in advance, with a variety 
of tools, and by this I mean, men and machines, 
communication and logistic techniques, and, above 
all, brainpower and imagination. With such instru- 
ments at his command, he will have the opportunity 
to restore strategy to its proper level, to lift it from 
the depths of mass destruction to the higher plane 
of persuasion, pressure and control. The strategist’s 
challenge is to provide that intelligent direction 
which is the essence of strategy and which alone 
can save civilization. It is a superb opportunity. Let 
us not lose it. 
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I. AN age of mortal danger we mortal men are con- 
cerned first of all with the safety of our own lives. 
And so we arm. By arming we seek to protect our 
homes, our families, our nation, civilization itself. 
With arms we try to build strength and confidence 
in the place of weakness and fear. 

Yet the stronger we become the more we inspire 
fear and envy in the hearts of foreign rivals. The 
enemy that aroused us to action is himself aroused. 
The deeper the fear, the more powerful the arms, the 
greater the danger. The greater the danger, the 
deeper the fear, the more powerful the arms. This is 
the maelstrom of terror at the center of the struggle 
for world power. 

Ours, however, is not only an age of mortal danger. 
It is also an era of voleanic change. Whole continents 
are trying to accomplish in decades things that men 
in Europe took centuries to achieve. The result is a 
tidal wave of social turmoil which, because of modern 
technology, cannot fail to have profound economic 
and political effects throughout the world. A Navy 
lieutenant in Seattle is ordered to reactivate a fleet 
tanker in San Diego because a lieutenant colonel in 
Cairo wanted Suez Canal revenues to build a dam at 
Aswan. U.S. military planes and Swiss Air transports 
fly United Nations troops to Egypt from Bogota, 
Copenhagen, and Oslo. An electronic miracle brings 
the blood of Budapest into the living rooms of Mil- 
waukee and Houston. A transport miracle brings 
thousands of Hungarian survivors to countless Ameri- 
can communities. 

The world is insecure and the future uncertain. 
So we must arm. We arm ourselves and our friends. 
We sign mutual security pacts with 42 other nations 
to thwart the one thing we most fear: Sino-Soviet 
expansion. 

Military planners sweat. They sweat from the plain 
hard work of forging a superior armed force, and they 
sweat from worry. In an arena of such immense 
stakes and extensive U. S. commitments, the military 
services never seem to be provided in peacetime with 


sufficient means to attain the degree of national se- 
curity they feel is required. Difficult choices must 
be made in allocating financial resources. When the 
pie is finally cut, it is inevitable that the big pieces 
will go toward the development of new military hard- 
ware, i.e., combat equipment and weapons, In a world 
that reaches new technological frontiers almost daily, 
inferior arms invite disaster. If we must arm, we 
must arm well. 

In a war a naval task force, however well armed, 
is a military asset only so long as it can keep fighting, 
preferably on the attack. It can keep fighting only so 
long as it has the means to do so. Although we can 
now forsee the basic logistic support requirements 
of an air-atomic navy in the years ahead, it is be- 
coming increasingly apparent that we cannot hope 
to provide them at the outbreak of war. We cannot 
provide them because we we will not finance them. 
In the Olympian competition for coveted military 
appropriations, the gold awards are won every year 
by the more glamorous members of the defense team 
—combat planes, combat ships, and combat weapons. 
Although we know that strength in all departments 
is necessary for ultimate victory in any contest, we in 
America tend to depend upon the star performers in 
the main events to carry us through. 


FREEDOM IS NOT FREE 

The scientific revolution in which we live is no- 
where more apparent than in the weapons we build. 
Because they are so complicated, modern combatant 
ships, aircraft, and other weapons command fantastic 
prices. A new destroyer contains forty times as many 
electron tubes as a 1937 model and costs as much to 
build as a cruiser formerly cost. Today’s supersonic 
fighter planes are as big as World War II bombers 
and even more expensive. A modern jet interceptor 
requires more electronic equipment than a commer- 
cial television station. Tomorrow’s superdestructive 
intercontinental missiles, now under development, 
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will cost an estimated one to five million dollars 
each! 

Research, development, and equipment costs rival 
the altitude records set by ballistic missiles. A wind 
tunnel could be built in 1944 for $150,000. Now a 
Mach 3 wind tunnel costs $15,000,000. Rivet squeezers 
formerly purchased for $500-$1,000 each are being 
replaced by $80,000 automatic models, Most disturb- 
ing of all, the phenomenal pace of scientific discovery 
and industrial progress makes existing air-atomic 
and guided missile weapon systems obsolescent by 
the time we learn how to use them. 

The inherent cost of increased performance and 
power in our armed forces is only part of the financial 
picture. The defense budget must also contend with 
the general rise in wages and prices in the U. S. eco- 
nomy. For example, although there has been a steady 
increase in the number of airframe pounds per man- 
hour that can be produced in the U. S. aircraft indus- 
try, a skilled manhour costs almost twice as much in 
1955 as in 1944. We get “more bang for a buck,” but 
the buck keeps getting smaller. In addition, urgent 
demands for highways, schools, and other important 
social needs exert a continuous pressure to reduce 
military expenditures. The American defense effort. 
each year becomes more and more a race between in- 
creased firepower and available taxpower. 

The expanding volume of production and the in- 
creasing industrial and agricultural productivity in 
the United States could easily support higher defense 
expenditures. Economic or industrial capacity, how- 
ever, does not establish the scale of our military prep- 
arations. It is the willingness of the people and their 
elected government officials to spend money for arms 
that normally sets the limits of defense spending in 
peacetime. This willingness depends upon a difficult 
judgment of costs and risks. The costs are certain, 
immediate, visible. The danger is uncertain, distant, 
and not always fully known or appreciated. 

Almost two-thirds of a huge federal budget is ap- 
propriated for defense purposes now. This represents 
an enormous output of human energy and material 
resources every year. It annually approximates in 
monetary value the total gross national product of 
our strongest ally, Great Britain. It is the hope and 
goal of every administration and every Congress to 
cut military funds, not increase them. 

Under these conditions, therefore, as weapons con- 
tinue to rise in cost, less money will be available for 
support forces, unless weapons themselves or the 
training in their use are sacrificed—which is hardly 
likely. The disastrous double feature in Suez and 
Hungary, for example, revealed U. S. Air Force 
weakness in air transport strength. Troop carrier 
wings are reported to have been slashed from seven- 
teen in 1953 to eleven this year as an economy meas- 
ure during the same period that the B-52 program 
was stepped up. The wisdom of this decision can be 
debated endlessly. Since it is apparent that sufficient 
funds to finance both bombers and transports were 
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either not requested or not made available, however, 
the odds are very high indeed that a decision would 
be made in favor of bombers. 

The problem in the Navy is no different. Any re- 
cent Navy budget or shipbuilding program provides 
evidence that the solutions are inevitably and justifi- 
ably similar. The Fiscal Year 1957 program, for ex- 
ample, includes construction of 22 new combatant 
ships of the latest design and only one service force 
vessel—an ammunition ship. An attack transport and 
a seaplane tender are two out of eighteen conversions 
undertaken this year of ships already in naval serv- 
ice. Development of new type air transports required 
for support of an air-atomic navy is years behind the 
revolutionary progress in combat aircraft. This is 
regrettable but not necessarily reprehensible. It is 
primarily a matter of priority of need. The question 
that remains unanswered is whether or not the cur- 
rent technological explosion and inherent limitations 
on military funds in peacetime will ever permit ade- 
quate talent, money, and time to be diverted to what 
are judged to be lower priority tasks. 


LOGISTICS SUBSISTS ON CRUMBS 

We are victims of the irony of modern arms. While 
they consume funds that might otherwise be avail- 
able for support functions, twentieth century weap- 
ons at the same time require the most advanced and 
extensive logistic support systems ever devised. 
Under even the most exacting management, such 
systems, if they are to be effective, are not cheap. If 
history is any guide, heroic efforts to create them in 
peacetime will be washed up on the sands of aus- 
terity. 

To deplore the fact that progress in logistics has 
not kept pace with advances in combat equipment 
and weapons is not to say there has been little im- 
provement in the field of logistics since 1945. There 
has been progress in shipboard handling equipment 
and underway replenishment techniques. There has 
been increased use of air transportation and electric 
accounting machines. Great strides have been taken 
in inventory control, traffic management, budgeting, 
food preparation, storage, and packaging. There is far 
more coordination and standardization among the 
military services along sound business management 
lines. Most of this progress, however, has been a 
consolidation or extension of developments begun 
during World War II or started as a result of lessons 
learned during that war. Progress there is, but it is 
lagging far behind the needs of World War III, if it 
comes. 

Improvements in supply ships largely have been 
restricted to the modification of existing types, many 
of which were not originally designed for fleet issue 
tasks. When new support ships are constructed, like 
Vega (AF-59), Suribachi (AE-21) and Neosho (AO- 
143) , they normally are born with one twin sister and 
regarded as modern prototypes of ships to be built 
in quantity in case of war. In the meantime, the re- 
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maining ships in the service forces continue to depre- 
ciate and become less capable of performing the tasks 
that would be required in the crucial, opening phases 
of war. 

In addition, more ships are inactivated than are 
activated each year. In the Pacific Reserve Fleet dur- 
ing Fiscal Year 1955-56, for example, the ratio for 
major combatant and amphibious ships was three 
inactivated for every two activated; for auxiliary 
ships, four inactivated for every one activated. More 
auxiliaries were inactivated than were combatant 
and amphibious ships combined. Of significance also 
is the conversion of the only cargo submarine in the 
U. S. reserve fleet, Barbero, to a picket boat, with no 
announced plans for replacement. 

The geographic range of fleet operations in Asian 
waters and the prudent dispersal of fleet units in 
WestPac ports has expanded the job to be done be- 
yond the resources of the mobile support force. In- 
creasing reliance is being placed upon supply sup- 
port from repair ships and from politically and 
strategically vulnerable bases. Purchases in foreign 
ports from local sources of supply necessarily have 
become more common. 

Ten years after Hiroshima the Marine Corps has 
its first converted carrier, Thetis Bay, to carry out its 
Number One task—atomic age assault by vertical 
envelopment. Only a financial windfall or an admin- 
istrative miracle will yield the carrier-type support 
ships and transport type aircraft we need before the 
panic button is pushed again. 

It was not for lack of vision that the advanced base 
program and mobile support ships were not ready for 
action until months and years after the Pearl Harbor 
attack. The need for these techniques, which were as 
essential to the Pacific campaign as fast carrier task 
forces and amphibious landings, was foreseen in the 
1930’s. Many within the Navy advocated their devel- 
opment then. This is only one of many examples of 
the Gordian knot into which military policy frequ- 
ently is tied by strategic needs and financial limita- 
tions. The relationship between the immediacy of na- 
tional danger and the availability of military funds is 
an historic one. It is the fundamental reason that the 
greatest forward strides in logistics have been made, 
and will continue to be made, during wars, not be- 
tween them. 


THE FLEET SUPPORT WE NEED 


The combatant ship is the focus of all naval logis- 
tics effort. It is a vast and complicated undertaking 
to keep modern ships equipped to operate indefinitely 
in waters thousands of miles from home. Nuclear 
propulsion will bring mighty logistic gains to the 
fighting fleet by eventually reducing oiler needs and 
making available for storage of supplies much of the 
space now allotted to ships’ fuel tanks. Nevertheless, 
jet aircraft, electronic detection systems, nuclear 
weapons, and guided missiles add staggering new di- 
mensions to the problems of fleet maintenance and 
supply. 


Modern weapons on the high seas require the most 
advanced and effective logistic support systems we 
can bring into being. Science, which has helped. to 
create our problems, also ran help us to solve them. 
Techniques of operations research such as queuing 
theory, mathematical modeling, linear programming, 
probability theory, and game theory are useful tools 
in the fast-growing science of logistics. Electronic 
computers, data processing systems, and other pro- 
gressive business management techniques also will 
provide invaluable assistance in the design of an 
optional system of naval supply. 

It does not take an electronic computer, however, 
to visualize the fundamental principles which must 
govern a system of fleet supply support in the future. 
They emerge rather clearly from the character of 
atomic age task forces and the nature of modern 
global warfare anticipated in its most devastating 
form. The non-Communist areas along the borders 
of Europe and Asia constitute America’s first line of 
defense. The water perimeter of free world nations 
on the Eurasian continent alone extends 22,000 miles, 
disregarding bays and inlets. Defense of this coastline 
and its strategic off-shore islands against Sino-Soviet 
aggression is a crucial part of the total task of polic- 
ing 140 million square miles of free world oceans and 
seas. A high degree of defensive and offensive mobil- 
ity is the only practical answer to this challenge. 

Soviet military power—with or without atomic 
explosives—is especially designed to nullify Ameri- 
ca’s greatest strategic assets. In case of war, hundreds 
of deadly steel sharks—Soviet U-boats—will swarm 
under the seas to destroy our ocean shipping and at- 
tack our coastal ports with guided missiles. Thou- 
sands of giant silver birds of many shapes will fill the 
skies to rain devastation upon our factories and cities. 
Our capacity for defense and retaliation will deter- 
mine how successful the enemy’s efforts to cripple 
U. S. industrial power and to prevent the support of 
overseas areas will be. Nevertheless, to remain effec- 
tive in the face of such a potent threat, naval forces 
in distant waters must be relatively self-sufficient for 
extended periods of time. 

A triumvirate of modern logistic concepts promises 
to give the Navy the endurance and mobility it needs. 
These concepts are endurance loading, mobile sup- 
port, and air logistics, Afloat surveys have revealed 
that roughly 80 per cent of non-perishable general 
stores items carried aboard a combatant ship are low 
cost, small cube items of infrequent use. This ma- 
terial, as well as similar technical items, can thus be 
“endurance loaded” in sufficient quantity to last ke- 
tween vessel overhauls without increasing storage 
space requirements on board. The remaining 20 per 
cent of the bulkier, faster moving general stores items 
can be carried at ninety-day supply levels and re- 
plenished almost entirely from fleet issue ships.* 

The food, fuel, and ammunition that combatant 
ships need can be provided entirely by underway re- 


* Endurance loading, in combination with the Navy’s simplified 
allowance lists (SAL) and the use of fleet supply research teams, 


Pp 
forms the backbone of the current Atlantic Fleet Supply Readiness 


Improvement Program (FRIP). 
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plenishment at sea from the mobile support force. 
Technical repair parts and services are also available 
to a limited extent from tenders and fleet issue ships 
of the service force. Supply ships can satisfy 70-90 
per cent of their customer’s needs for various ma- 
terials by stocking only 10 per cent of the thousands 
of items required by the fleet. The mobile support 
concept of carrying a small range of “best sellers” in 
quantity, plus a few critical insurance items, has 
proved both effective and economical. At the Pacific 
Fleet Supply Conference in February, 1956, the Com- 
mander, Service Force Pacific Fleet, demonstrated 
the value of mobile support. He told how five times as 
much naval ammunition was transported to the Paci- 
fic Theater during World War II as was used; where- 
as during the Korean War, the excess of ammunition 
was only 10 per cent, and most of this was in ammuni- 
tion ships which could easily sail home after the war 
and unload.* 

The indispensable but potentially weakest link in 
the fleet supply chain is the transportation pipeline. 
The items of material which are not endurance 
loaded in combat ships nor normally carried in the 
mobile support force must be ordered as needed from 
sources of supply in the continental United States. 
Stocks on board fleet issue ships must also be replen- 
ished or the ships themselves rotated. Dependable sea 
and air transport thus are required to provide a life- 
line to overseas forces to keep the support system 
viable. 

A naval operating force, then, is a mighty fist at 
the end of a long thin arm. In war the enemy will seek 
with all his strength to cut that arm to pieces. The 
Nazis almost succeeded in the Atlantic with an initial 
force of 57 submarines. The Reds have seven times 
that numerical strength—mostly late models. The 
Soviets also know how to manufacture and sow 
thousands of very effective mines. Whether the U. S. 
Navy’s antisubmarine warfare measures and mine- 
sweeping techniques have advanced in proportion to 
the growing underseas threat is a question answered 
only in the laboratory of war. 

The aerial element of the logistics arm is less vul- 
nerable to interruption—at least in the air—than are 
ocean transports. But planes normally must have a 
terminal at which to land to deliver supplies. An air 
base that takes shiploads of men and materials weeks 
or months to build can be destroyed today by one 
bomb or missile in a few seconds. 

The need for fast, flexible, and dependable pipe- 
line support has given birth to the modern air logis- 
tics concept in the Navy. Although it is yet in the 
formative stages, this concept in its broadest sense 
envisages airlift of supplies to the fleet at sea by 
means of delivery to flat top fleet issue ships. These 
mobile air terminals in turn can make retail distribu- 
tion to other ships of the task force during normal 
underway replenishment or by helicopter delivery. 


* The principles of endurance and mobility are ee recognized 
in existing Pacific Fleet policies. Article 311 of U. S. Pacific Fleet 
Regulations states: ‘‘Fleet units —— West of Hawaii will be 
self-supporting or will normally supported to the greatest ex- 
tent practicable by mobile logistic support forces.” 
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The air logistics concept envisions greater use of 
airlift than has been employed in the past, including 
routine replenishment of selected materials to over- 
seas ships and bases. Long range seaplane transports 
are believed feasible for support of water based at- 
tack aircraft and for supply of ships in protected 
coves or harbors—or even in the open sea. Seaplanes 
like the P6M SeaMaster should lessen considerably 
our present dependency upon overseas bases, par- 
ticularly if refueling can be accomplished from sub- 
marine oilers modeled after the SSO Guavina. Nu- 
clear-powered seaplanes, when they come, will bring 
with them a whole new era of air-atomic logistics.* 

Airlift, however, for many, many years to come 
can provide only a partial answer to the problem of 
overseas pipeline support in time of war. The opera- 
tion of large land-based aircraft probably generates 
more sea-lift requirements than it saves—mostly in 
base support and fuel. For each ton of cargo flown 
from the United States to Korea, four tons of gaso- 
line must be supplied in advance for the return flight. 

To build, operate, and maintain air transport 
squadrons places prodigious demands upon money, 
material, and skilled men. This is revealed in the 
high cost of airlift. It is currently over twenty times 
more costly to fly a carton of ships’ parts to Manila 
than to ship them by ocean freight. Moreover, small 
aircraft cabin loads cannot begin to transport the 
tonnage required to support a war overseas. The tre- 
mendous airlift of Navy material to Korea in 1950 
was a mere 1 per cent of sea-lift support. 

For the foreseeable future, therefore, we cannot 
fly all our material over hostile submarines. Nor can 
we always evade or fight through them on the ocean’s 
surface. However, this does not exhaust our means 
of averting the U-boat menace. We too can play the 
underseas game. By using submarines of modern de- 
sign to transport cargo, we can employ the tactics of 
speed and stealth. During World War II plans were 
made but never used for underwater cargo carriers 
of 7,500 ton capacity. Next time we will need them. 
Bow-loading transport submarines could rendezvous 
with the operating forces and issue supplies under- 
way. Fast, nuclear-propelled, undersea fleet-issue 
craft could be designed from the keel up to be reli- 
able, versatile additions to the mobile support force 
and to the pipeline fleet. 

This is the navy we need for survival and victory 
in global warfare, conventional or atomic. We need 
and will have fast-moving squadrons of surface ships 
and water-based bombers that can hit and run—and 
hit again. We need and will have ships that are con- 
structed to withstand heat and blast and that can 
maneuver to avoid radioactive fall-out. We need and 
will have tactically dispersed task forces with their 
own active and passive air defense systems, including 
radar, supersonic fighters, tnd guided missiles. We 


* The air logistics concept initially is being explored in its more 
technical supply aspects by Project FASTLANT (Fleet Air Support 
Test, Atlantic) and Project PACE (Pacific Air Cargo Evaluation). 
The results of these tests are expected to lay the foundation for 
Racy air transportation will play in navy supply support 
in the ure. 
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need and will have hunter-killer groups to find enemy 
submarines and destroy them. 

To keep the punch in this mighty fist we need and 
will surely have ships that can stay at sea for weeks 
at a time. However, we need and probably will not 
have enough mobile support ships of the right types. 
We need and undoubtedly will not have enough 
transport aircraft. We need and almost certainly will 
not have a number of cargo submarines. 

In short, if and when World War III begins, we will 
not have the navy we need. 


WHAT WE CAN DO 

Surely military science and the art of naval war- 
fare do not stand helpless before this administrative 
dilemma imposed upon them by public policy. All we 
really seek is an optimum defense, not a maximum 
one. The elusive quality of even more ephemeral 
goals than this, such as disarmament and peace, do 
not discourage us from ceaseless efforts in their be- 
half. Certainly more can be done to assure that our 
defenses are in the best possible balance to buy the 
most national security for the money we are author- 
ized to spend. Logistic planners, rather than weeping 
over financial crumbs left at our disposal and making 
useless claims about what could be done if we had 
the funds we never will get, must take a more con- 
structive course. 

Four major areas immediately suggest themselves. 

First, we must apply more scientific methods to de- 
termine how much and what kind of logistic support 
is essential to our force composition and to our naval 
strategy. There is a point at which the acquisition of 
ten more fighters could be less advantageous than the 
construction of a new tanker. Decisions of this kind 
need to be made every year. They are often a by- 
product of tests for logistic feasibility. At best they 
involve problems of staggering proportions requiring 
the combined judgment of many experienced and 
intelligent officers and naval civilians. Nevertheless, 
such decisions often must be made on an ad hoc basis 
without the benefit of a continuing, scientific method- 
ology. A greater understanding and wider application 
of such techniques as von Neumann’s theory of games 
is required for the planning of an air-atomic navy. 

Second, improved management of the logistic re- 
sources we now have may enable us to divert “saved” 
funds to the new logistic tools we need. Although the 
incentive to economize in the military service is 
blunted by the fact that those who “save” money do 
not usually realize the benefits, perceptive top man- 
agement decisions can result in increased effective- 
ness at less cost. One such area which requires our 
continued scrutiny is that of overseas shore activities. 

Overseas naval bases, which have served us so well 
in the recent past, face a much less auspicious future. 
They are vulnerable to modern missiles. They are 
expensive to man, operate, and maintain. Approxi- 
mately 80 per cent of Naval material shipped from 
West Coast ports every year, excluding bulk petro- 
leum, is for support of existing Pacific bases. More- 
over, modern war tends to overrun or run away from 


fixed land bases. We still need the services that bases 
provide, particularly for fleet aviation support, but 
a far-sighted and rigorous cost-risk-gain analysis is 
required in each case to determine how many of 
these functions in the long run could be performed 
more economically and safely afloat. The lip-service 
we give to mobile support should not be permitted to 
disguise the fact that we are becoming more, rather 
than less, dependent upon shore facilities overseas. 

Overseas supply support, for example, might be 
rendered by a “naval fleet supply depot” comprised 
principally of nonself-propelled barges that could 
provide storage and transit shed facilities for pipe- 
line support of the fleet in peace or war. Such an 
NFSD would be economical to establish and main- 
tain. It would possess sufficient mobility to be towed 
to a new location or dispersed as required. Issues 
could be made to fleet units in port or delivered to 
the fleet in tankers, tenders, or supply ships. In com- 
bination with other local supply, repair and transpor- 
tation facilities afloat and ashore in an overseas area, 
it would serve as a low-cost component of a relatively 
dispersed and semi-mobile naval base complex. 

Costly naval shore installations could be further 
reduced by more extensive use of commercial facili- 
ties abroad. If vital support is kept organic to the fleet 
itself, there is no reason why contract logistics for 
the remaining naval services required cannot eventu- 
ally be handled as successfully in friendly countries 
overseas as it has been at home. 

The presence of small naval purchasing offices in 
major foreign ports to buy selected supplies and 
other logistic services for support of U. S. fleet units 
in an area has several advantages. It reduces the de- 
mand for overseas transportation and the risk of in- 
terruption of supply. It would be flexible. It could 
increase our sources of intelligence. It would assist 
in redressing the imbalance of international pay- 
ments by enabling other nations to earn more dol- 
lars. Finally, it would develop the capability and 
skills in many industries and shipyards around the 
world to meet U.S. fleet requirements. 

A philosophy of this kind must have inspired Ad- 
miral von Tirpitz to comment when he was trying 
to select a location for a German naval base in the 
Far East before World War I: “My chief demand was 
capacity for economic development; it did not seem 
advisable to me to establish a purely naval base.” 

It is in regard to this very question of indigenous 
support that the third major area of possible action 
to alleviate our logistic difficulties occurs. This third 
area is in mobilization planning. 

Mobilization plans must prepare for the worst. 
They must provide for the almost certain eventuality 
of our being forced to fight without the support forces 
we would like to have. One outstanding lesson of the 
Korean War was that, in spite of the success of mo- 
bile supply support and pipeline replenishment dur- 
ing that campaign, American forces, including the 
Navy, turned to nearby Japan for substantial logistic 
assistance of all kinds. This support came from both 
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U. S. facilities and the Japanese economy. It will be 
recalled that Korean naval operations and subse- 
quent East Asian patrols have been conducted with 
complete immunity from enemy attack. If, under 
these ideal conditions, the fleet is not self-sustaining, 
it is dismal to contemplate what will happen when 
missiles and bombs fill the air and submarines are 
everywhere. 

It is not inconceivable, therefore, that in a future 
war U.S. task forces in distant waters may be isolated 
from logistic support for considerable periods of time. 
Pipeline ships will go down. Mobile support ships 
will be destroyed. Overseas bases, U. S. ports, and 
American sources of supply may be hit hard. Under 
these circumstances our forces overseas will need all 
the help they can get from our foreign friends. 

American forces have been compelled to rely upon 
allied support before. During World War II “reverse 
lend-lease” amounted to about seven billion dollars. 
_ During the initial phases of the war, in particular, 
- Great Britain in the Atlantic, and Australia and New 
Zealand in the Pacific furnished U. S. Army and Navy 
units with a small but very important margin of as- 
sistance. 

This kind of emergency is even more likely to hap- 
pen again. Although our military posture today 
dwarfs our state of readiness in 1941, we now have 
far greater commitments. We are logistically far 
more vulnerable than we were then. On this score 
Soviet underseas and air-atomic power and our 
chronic inability fully to prepare ourselves are the 
eloquent spokesmen. 

Mobilization plans should provide for emergency 
commercial sources of off-shore supply and repair. 
Selected items of low cost, bulky materials also must 
be stockpiled overseas at strategic locations away 
from military installations. Within the limits of feasi- 
bility and common prudence, arrangements for for- 
eign supply of non-technical and semi-technical ma- 
terials and services should be an essential part of 
industrial mobilization planning for global war. Pro- 
cedures for mutual support within NATO provide an 
excellent basis from which to begin. 

Plans for off-shore supply are tantamount to the 
stock-piling of precious shipping space. They supple- 
ment the air logistics concept by reducing the need 
to fly low value, high cube cargo half way around 
the world. Our dependence on overseas bases, which 
offer far more tempting targets than widespread in- 
dustrial facilities, will be lessened. The vulnerability 
of our means of support would thus be lowered even 
further by the immense area over which facilities for 
fleet supply and repair could be dispersed. 
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In conclusion, an ingredient essential to the suc- 
cess of the three proposed areas of action outlined 
above must be emphasized. This ingredient is the 
simple appreciation among military officers and de- 
fense officials of the range and depth of the field of 
naval logistics. Despite significant progress in recent 
years toward a recognition of its importance, logistics 
frequently still is regarded as something apart from, 
and inferior to, strategy, tactics, and weapons devel- 
opment. 

Actually, as we have seen, logistics pervades the 
entire field of military science. There is no naval 
operation in which it does not play a vital part. But 
“beans, bullets, and black oil” do not possess the tra- 
ditional glamour of ships, guns, and planes, nor the 
new excitement of atoms and missiles. It is only 
human to become fascinated by the extraordinary 
developments in the capital equipment of the modern 
navy. It is also in this capital equipment that our 
heavy financial investment lies, and where a man’s 
investment is, there will his heart and mind be also. 

The roots of naval logistics are buried deep in the 
nation’s domestic and foreign economic policies. As 
long as national defense is as important to our so- 
ciety as it is today, naval leaders should have a voice 
in shaping these policies. To be able to do this, how- 
ever, requires a capability within the organization of 
the Navy to discharge this challenging task. It de- 
mands an understanding of logistics that goes beyond 
plans for electronic computers and aerial delivery at 
sea, as important as these requirements are. 

Such questions transcend logistics. They raise is- 
sues of maritime economic strategy which are as vital 
to the Navy as Forrestal and Nautilus. They involve 
reasons why government policies designed to reduce 
trade barriers, expand world commerce, and foster 
the economic growth of our allies and of underde- 
veloped nations of the free world deserve the strong 
support of the U. S. Navy—such reasons as the eco- 
nomic interdependence of maritime nations, multi- 
national dispersal of industrial facilities, and off- 
shore supply. 

A global navy needs an economic policy just as it 
needs a weapons policy. It needs to help create the 
economic conditions and political climate in which 
logistic techniques that are developed can be applied. 

National security henceforth must be more and 
more the produce of comprehensive and intelligent 
planning. We can no longer entrust our nation’s 
safety to the largesse of good fortune as we have in 
the past. Our lives, the life of our country, and the 
hopes of free men everywhere are at stake. 
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INTRODUCTION 


Pisidiin BRONZES have rapidly increased in im- 
portance for uses on naval and merchants ships. 
This article has been prepared to highlight some of 
the properties of aluminum bronzes that would be 
of particular interest to the designer of shipboard 
machinery components. The information is based 
largely on experimental programs conducted by the 
U. S. Naval Engineering Experiment Station. 

The Navy’s interest in aluminum bronzes has been 
stimulated by three factors associated with the post 
World War II period. One was the desire to find 
substitutes for tin bronzes as a means of conserv- 
ing tin. A second was the desire to find substitutes 
for copper-nickel and nickel-copper alloys as a 
means of conserving nickel. And third, the building 
of non-magnetic minesweepers introduced the prob- 
lem of using non-ferrous materials in applications 
previously reserved for ferrous materials. 

A fourth factor can also be added: there were in- 
dications that aluminum bronzes would be desirable 
for many applications on their own merits, in direct 
competition with other materials, and not merely as 
second-best substitutes. 


ALUMINUM BRONZES DEFINED 

Aluminum bronzes are copper-base alloys contain- 
ing up to about 15% aluminum. Most of the impor- 
tant commercial alloys contain from 4 to 11% alum- 
inum, and may contain additions of iron, nickel, 
manganese, silicon, and possibly other elements. 


The term “bronze” commonly connotes copper-tin 
alloys, but the aluminum bronzes are essentially 
tin-free materials. Copper aluminum alloys with zinc 
as a major alloying element are sometimes called 
bronzes. However, these are better classed as alum- 
inum brasses. The bronzes described in this article 
are essentially zinc-free alloys. 

The strength and ductility of the binary copper- 
aluminum alloys increase progressively with alum- 
inum content up to about 8.4%. Increasing the alum- 
inum beyond this amount introduces a second phase 
which causes an abrupt increase in strength and de- 
crease in ductility. The single phase alloys can be 
hardened and strengthened by cold work and are 
used chiefly in the wrought form. The duplex alloys 
can be cold worked only to a limited extent, but 
can be hardened by heat treatment. They are used 
in both the cast and wrought forms. 

Modern commercial alloys usually contain alloy- 
ing elements in addition to the aluminum. Iron and 
nickel may be added in amounts up to 5%, and man- 
ganese and silicon in smaller amounts, but as much 
as 12% manganese is added in at least one impor- 
tant alloy. The iron and nickel increase strength and 
hardness and assist in grain refinement. Manganese 
acts as a degasifier and grain refiner, and also im- 
proves strength. Silicon is added as a substitute for 
a part of the aluminum, especially to increase ma- 
chinability. The alloys are versatile in that they can 
be cast, rolled, forged and extruded, and can be 
joined by silver brazing and welding. 
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HISTORICAL 

The Engineering Experiment Station’s first test 
report on an aluminum bronze was issued in June 
1917. Test work was sporadic and limited in scope 
from then until the post World War II period. For 
the most part, the early experiments consisted of 
isolated measurements of mechanical properties and 
corrosion resistance, with little attempt to study the 
whole family of alloys systematically. However, some 
experiments were made to evaluate certain alloys 
for specific applications. 

Early reports show that cast aluminum bronzes 
were considered for use in sea water lubricated ball 
bearings, but there is no record of actual use in this 
application. The cast bronzes were also evaluated 
for marine propellers. Some service use was made 
of the alloys for small submarine and tugboat pro- 
pellers where high strength was needed. For the 
most part, these were made of 85-11-4 Cu-Al-Fe and 
81-11-4-4 Cu-Al-Fe-Ni compositions. 

Four grades of cast aluminum bronze were in- 
cluded at an early date in Navy Specification 46B18. 
The specification characterized the alloys as of “great 
strength with a hardness equal to that of manganese 
bronze, great resistance to corrosion, shock and fa- 
tigue, and suitable for gun slides, gun mountings, 
worm gears and wheels, valve seats, bearings and 
propellers.” Nevertheless, except for occasional ap- 
plications, most of the bronze castings used aboard 
ship were made of manganese, hydraulic, “G” or 
“M” bronzes. 

Wrought aluminum bronzes also appeared at an 
early date in Navy Specification 46B17. Two grades 
were included: 95-5 Cu-Al and 89-8-3 Cu-Al-Fe. 
The specification characterized the alloys as “pos- 
sessing greater resistance to corrosion than manga- 
nese bronze, and may be used where greater strength 
and resistance to corrosion are required. They pos- 
sess good bearing qualities and may be readily 
forged. They are intended for uses such as valve 
stems, propeller blade bolts, air pumps, condenser 
bolts and slide liners.” Despite the existence of this 
specification, no early large scale use was made of 
wrought aluminum bronzes for shipboard applica- 
tions, although some limited use did occur in spe- 
cial applications. 

Aluminum bronzes were never included in early 
Navy specifications for salt water piping and con- 
denser tubing. These important applications were 
restricted for years to 70-30 copper-nickel, first of 
the low iron variety, and later with a nominal 0.5% 
iron content. The success of the 70-30 alloys in these 
applications left little to be desired from the per- 
formance standpoint. 

Thus, the early history of the aluminum bronzes 
might be summarized as follows: the alloys were 
known and tested; they appeared in Navy specifica- 
tions for cast and wrought products, except for salt 
water piping and condenser tubing, but they were 
not used extensively for shipboard applications, prob- 
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ably because of conservative designs and the ten- 
dency to continue the use of other copper-base alloys 
which were better known and were giving generally 
satisfactory service. 

The increased interest in aluminum bronzes fol- 
lowing World War II led to the conduct of exten- 
sive experimental programs. The remainder of this 
article highlights the results of some of these ex- 
periments. 

MATERIALS 

Specifications MIL-B-15939 and MIL-B-16033 are 
general purpose specifications for wrought and cast 
aluminum bronzes. From the standpoint of composi- 
tion, they cover nearly all of the alloys commonly en- 
countered. So for the sake of simplicity, this dis- 
cussion will identify the various alloys mainly by 
reference to these two specifications. 

This is not to say that other specifications are 
not in use. On the contrary, several others include 
aluminum bronzes for special applications, usually 
with minor differences in properties and composi- 
tions. For example, MIL-B-16166 is often used. This 
specification covers two heat-treatable forging al- 
loys, similar in composition to two of the alloys in 
MIL-B-15939, but with higher strength require- 
ments. 

The chemical compositions and mechanical prop- 
erties required by MIL-B-15939 and MIL-B-16033 
are shown in Table I. The allowable ranges in com- 
position are broad, so that more than one commercial 
alloy may qualify for any one of the specified grades. 

The third column in the table contains a simple 
coding system which will be used to designate the 
alloys throughout the text. The letters “W” and “C” 
refer to wrought and cast, respectively. The num- 
bers refer to the composition or class numbers. The 
letters “HT” refer to the heat-treated conditions in 
the cast alloys. 

CORROSION PROPERTIES 
General Corrosion. Water velocity is the most im- 
portant single variable affecting the corrosion rate 
of aluminum bronze in sea water. The effect of ve- 
locity is illustrated by Figure 1, in which corrosion 
rates are given in IPY (inches penetration per 
year. 

The corrosion rates shown on the graph were cal- 
culated as though the corrosion was uniformly dis- 
tributed, even though a part of the corrosion may 
have been caused by local attack. More will be said 
later about the local forms of corrosion on aluminum 
bronzes. The rates on the graph were also calculated 
without regard to a number of other variables, 
such as air content of the water, seasonal changes 
in water temperature, seasonal changes in fouling 
conditions, and variations in alloy composition. It is 
clear, then, that these variables are of only second- 
ary importance, and that water velocity is the pre- 
dominant factor affecting the general corrosion rate. 
It is also clear that the corrosion rate varies almost 
linearly with velocity. 
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- Chemical Compositions and Mechanical Properties Specified for Aluminum Bronzes ‘ 


TABLE I 


Percent Composition Minimum Properties * 
Alloy Condition Code Yield 
Wrought Alloys, Specification MIL-B-15939 
80.0- 6.5- 4.0 35 
Comp. 1 Note (2) wil 70000 /80000 30000/40000 15/20 
78.0- 9.0— 2.0- 4.0- 0.25 
Comp. 2 Note (2) Ww2 85.0 110 40 55 : eaten. 85000/105000 | 42500/55000 10 
92.0-| 40] 0.50 
Comp. 3 Note (2) W3 96.0 45000/80000 17000/40000 25/40 
90.0-| 7.0-| 0.50 
Comp. 4 Note (2) Ww4 93.0 50000/65000 20000/27000 20/30 
88.0-| 60-| 35 10 
Comp. 5 Note (2) Ww5 92.5 70000/85000 30000/55000 30/40 
Cast Alloys, Specification MIL-B-16033* 
Class 1 As cast Cl 65000 25000 20 
min. 9.5 4.0 
86.0 0.75 
As cast C2 por Pros 15 65000 25000 20 
ea 
Pre C2-HT 80000 40000 12 
As cast C3 83.0 | 10.0-| 3.0- | 25 | 050 75000 30000 12 
min. | 11.5 5.0 | max. | max. 
Class 3 ‘aie 
ea ” " 
niet C3-HT 90000 45000 6 
78.0 | 10.0-| 30 | 30-| 35 
min.| 115 | 5.0 | 5.5 | max. 
Class 4 
ea " " " " 
called C4-HT 110000 60000 5 


Notes: ! Other specifications are also in use. See text. 


2? Minimum properties shown for MIL-B-15939 vary over the ranges indicated. Specific minimum values depend on section size, shape, 


temper and method 


of manufacture. See specification for details. 


3 When both Si and Ni are present, only one shall be in exc2ss of 0.25%. 


The three wrought aluminum bronzes shown in 
Figure 1 have similar corrosion rates. Thus, factors 
other than general corrosion resistance would influ- 
ence the selection of one alloy over another. Such 
factors would include strength, cost, critical alloy 
content, fabricating characteristics, and available mill 
forms. 

Another factor in alloy selection would be relative 
resistance to local attack, such as pitting. This would 
be especially important for wrought material used in 
thin sections, or for heavier sections where smooth 
working surfaces must be maintained. Local attack 
would be important mostly at low water velocities 
where general corrosion rates would also be low. 

At high water velocities, the general corrosion 
rates of the wrought bronzes are higher and of 
greater significance. If the rates for the aluminum 
bronzes are excessive for satisfactory performance, 
there is little choice but to go to a more resistant 
type of material, such as nickel-copper or copper- 
nickel. 


WROUGHT ALLOYS CAST ALLOYS 

° wi ° ce 

e we e cs 
ws G4-HT 


VN 


WATER VELOCITY - FT/SEC. 


Figure 1. Relation between water velocity and general 
corrosion rate for aluminum bronzes tested in sea water. 


The cast aluminum bronzes shown in Figure 1 also 
have corrosion rates that vary almost linearly with 
water velocity. The corrosion rates of the cast alloys 
are of the same order as those of the wrought alloys, 
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but there is more spread among the cast alloys. The 
most resistant alloy is C4, of the 11-4-4 Al-Fe-Ni va- 
riety. 

The Navy’s cast Composition G and Composition 
M tin bronzes are roughly in the same class of cor- 
rosion resistance as cast aluminum bronzes. At the 
higher water velocities, manganese bronze is decid- 
edly inferior, and cast copper-nickel-silicon alloy 
is markedly superior. 

Cast bronzes ordinarily are used in heavier sec- 
tions than wrought bronzes. Thus, local pitting at- 
tack may not be so important for cast bronzes, un- 
less it is necessary to maintain a smooth working 
surface. 


Local Corrosion. Local accelerated attack of alumi- 
num bronzes may occur in several forms. Two forms 
often observed are pitting and crevice corrosion. 
Pitting is corrosion that develops in highly localized 
areas on a metal surface that is not attacked else- 
where to any great extent. Crevice corrosion is cor- 
rosion that occurs within or adjacent to a crevice 
formed by contact with another piece of the same 
or another metal or with a non-metallic material. 

In general, the aluminum bronzes most suscepti- 
ble to one of these forms of attack are also the most 
susceptible to the other form of attack. The action 
usually is more severe in stagnant or slowly moving 
water than in rapidly moving or turbulent water. 

The extent of attack depends on the environment 
and the alloy composition. Tests in sea water and 
brackish Severn River water have produced attack 
in one environment or another in all alloys tested 
(W1, W2, W5, C2, C3 and C4). Poorest resistance 
was found in alloys W2 and C4. 

Specimens exposed 345 days in slowly moving sea 
water (1.5 ft/sec) are shown in Figure 2. The effects 
of both pitting and crevice corrosion are apparent. 
The latter occurred under and around the non- 
metallic mountings and at occasional areas where 
barnacles were attached. 

Pitting and crevice corrosion are not unique to 
aluminum bronzes, as evidenced by the Composition 
G and Composition M tin bronzes shown for com- 
parison in Figure 2. 

A third form of local attack sometimes found on 
aluminum bronzes is dealuminization. This is caused 
by corrosion of the alloy and redeposition of the 
copper in situ. The process is analogous to dezincifi- 
cation in brasses. Dealuminized areas can be recog- 
nized by their distinct copper color. 

Dealuminization has been observed to some ex- 
tent in alloys W1, W2, C2 and C3. It is sometimes 
found where crevice corrosion has occurred, But its 
most common location is at the waterline of par- 
tially immersed pieces. The worst case observed in 
any test was on an alloy C2 specimen partially 
immersed in brackish Severn River water. The 
dealuminization penetrated 0.07” in nine months. 

A fourth form of local corrosion is impingement 


456 A.S.N.E. Journal, August 1957 


Alloy Code 


G Bronze 


M Bronze 


Figure 2. Aluminum bronze and tin bronze specimens 
after 345 days of exposure in sea water flowing at 114 ft./sec. 


attack, which is corrosion associated with turbulent 
flow. This type of attack is commonly found at the 
inlet ends of condenser tubes, and in pipe lines down- 
stream of fittings. 

An apparatus to study impingement attack has 
been developed by the British Nonferrous Metals Re- 
search Association. Basically, the test consists of a 
jet of water impinging on a flat specimen surface. 
The specimen is placed 2 mm from the tip of the jet. 
Both specimen and jet are immersed in water dur- 
ing operation. 

Sea water impingement tests were made with this 
apparatus for 30 days at a jet velocity of 15 ft/sec. 
The water contained 2 to 4% air by volume. Aver- 
age results, consisting of measurements of depth of 
attack, are listed in Table II for several aluminum 
bronzes and comparison alloys. 

A fifth form of accelerated attack can be caused 
by galvanic action. This may be general or local, 
depending on various circumstances. But the more 
troublesome type is usually a local accelerated ac- 
tion at areas where dissimilar metals are in physical 
contact. 

It is possible to list metals and alloys in order of 
their relative potentials in a given environment. 
Such a list, called a galvanic series, is helpful in pre- 
dicting possible trouble-areas. Combinations of alloys 
with different potentials can result in accelerated 
corrosion of the less noble material, and the situation 
usually becomes more aggravated as the alloys be- 
come farther apart in the galvanic series. 

Potential measurements of aluminum bronzes 
were made in sea water flowing at 13 ft/sec, using 
an apparatus developed by the International Nickel 
Company, Incorporated. The potentials were meas- 
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TABLE II 
Average Results of Jet Impingement Tests 


| Max. Pit Depth, 
Alloy | inches 


Aluminum Bronzes 


W1, forged, 89-9.5-1.5 Cu-Al-Fe 0.004 
W1, forged, 86-10.5-3.5 Cu-Al-Fe 0.010 
W1, extruded, 87-9.5-3.5 Cu-Al-Fe 0.031 
W2, forged, 81-10-3-5-1 Cu-Al-Fe-Ni-Mn 0.009 
W2, extruded, 81-10-3-5-1 Cu-Al-Fe-Ni-Mn 0.004 
W5, rolled, 90.5-7-2.5 Cu-Al-Fe 0.012 
W5, extruded, 90.5-7-2.5 Cu-Al-Fe 0.008 
C2, cast, 88.5-10.5-1 Cu-Al-Fe 0.021 
C3, cast, 86-10.5-3.5 Cu-Al-Fe 0.008 
C4-HT, cast, 80.5-10.5-4.5-4.5 Cu-Al-Fe-Ni 0.010 


Comparison Alloys 


Nickel-copper, rolled | 0.001 
Copper-nickel, 70-30, rolled 0.005 
Copper-nickel, 90-10, rolled 0.011 
G Bronze, cast 0.004 
M Bronze, cast | 0.003 
Mn Bronze, cast 0.015 
Nickel-copper-silicon, cast 0.000 


ured with a saturated calomel half cell and a poten- 
tiometer. The average results for several materials 
during the final 200 hours of a 718-hour test are 
listed in Table III. It is evident that the aluminum 
bronzes have potentials within the range of other 
corrosion-resistant materials commonly used in sea 
water environments. 


Effect of Welding. Welded aluminum bronzes were 
tested for corrosion resistance in several environ- 
ents. The alloys included C2, C3-HT, W2 and W5. 
Each of these was welded in two ways: (1) heliare 
welded with 89-10-1 Cu-Al-Fe rods and (2) carbon- 
are welded with 85-11.5-3.5 Cu-Al-Fe rods. The weld- 
ing produced no significant change in corrosion prop- 
erties, and no serious galvanic corrosion occurred 
between the base alloys and weld deposits. 


Stress Corrosion, Experiments conducted to date 
have indicated that aluminum bronzes are not sus- 
ceptible to stress-corrosion cracking in marine en- 
vironments. This seems to be substantiated by serv- 
ice experience. The author has no knowledge of any 
aluminum bronze having failed from exposure to 


TABLE III 
Sea Water Potential Measurements, Negative to 
Saturated Calomel Half-Cell 


| Potential 
Alloy ubite 


Aluminum bronze W1 (1.5% Fe) | 0.34 
Aluminum bronze W5 0.31 
Composition G bronze 0.31 
Copper-nickel (70-30) | 0.25 
Aluminum bronze C2 0.23 
Aluminum bronze C3 | 0.22 
Aluminum bronze W1 (3.5% Fe) 0.18 
Aluminum bronze C4 0.13 
Nickel-copper 0.08 


sea water or marine atmosphere. Several failures of 
“aluminum bronze” were looked into, but in each 
case the material actually was found to be a high- 
tensile brass (commonly called aluminum-mangan- 
ese bronze). 

This is not to say that stress corrosion will not 
occur in aluminum bronzes exposed to other environ- 
ments. A notable example was the failure of W5 
alloy in a vapor-compression still. Failure occurred 
from exposure to hot fresh water and water vapor 
near welds and a cold-upset flange. The unit had not 
been stress relieved after fabrication. Stress relief 
was recommended as the principal remedy to the 
problem. Tests of unstressed specimens, in which 
stress corrosion is not a problem, showed that alum- 
inum bronzes suffer negligible corrosion in fresh 
water distilling plants. 


Fouling. Aluminum bronzes are subject to varying 
degrees of marine fouling in quiet sea water and 
brackish estuary water. The extent of fouling does 
not seem to bear a clear relation to the corrosion 
rate of the aluminum bronzes. In other words, the 
amount of copper released by corrosion does not seem 
to correlate with the toxicity to fouling organisms. 

Fouling on specimens immersed one year in brack- 
ish Severn River water is illustrated in Figure 3. 
Fouling is not a problem on aluminum bronzes in 
water moving at velocities of about 1.5 ft/sec and 
higher. 


FATIGUE AND CORROSION FATIGUE PROPERTIES 


Representative fatigue and corrosion fatigue prop- 
erties of aluminum bronzes and other selected alloys 
are listed in Table IV. The fatigue strengths are 
shown as estimated at 10° stress cycles when tested 
at 1450 cycles per minute. 

The ratio of the fatigue strength in air.to the ten- 
sile strength provides a useful basis for judging the 
characteristic behavior of the alloys. The ratios for 
the wrought aluminum bronzes are about normal 
for non-ferrous materials, and compare favorably 
with wrought nickel-copper and nickel-copper-alum- 
inum alloys. The ratios for the cast aluminum bronzes 


Figure 3. Fouling on aluminum bronze specimens after 
one year of exposure in quiescent brackish Severn River 
water. 
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TABLE IV cast 
bility 
Estimated Fatigue Strength of Aluminum Bronzes and Comparison Alloys at 10° Cycles Tested at 1450 CPM 
Fatigue Strength, psi It 
alum 
Rotating Bending Alternating 
Alloy Strength, Session of st 
: i 
In — Brackish Food In # pe rfc 
Wrought Alloys 
W1 Lot1 84800 25000 0.30 | 19000 18000 whic 
Lot 2 90400 28000 0.31 19000 19000 lifie 
Lot 3 99000 35000 0.35 17000 0.17 P : 
W2 Lot1 109000 33000 0.30 20000 17500 0.16 — 
Lot 2 109000 25000 0.23 tual 
W3 Lot 1 71900 19000 0.26 11000 0.15 
W4 Lot1 83400 29500 0.35 13000 0.16 Salt 
W5 Lot1 76200 24000 0.32 16000 15000 70-31 
Lot 2 90400 32700 0.36 24000 alloy 
Ni-Cu-Al 160800 47000 0.29 36000 and 
Ni-Cu 81900 26000 0.32 28000 0.5% 
Cast Alloys ance 
90-1 
C2 Lot1 73600 24000 0.33 16000 15000 as a 
C3 Lot1 89400 25000 0.28 18000 18000 The 
Lot 2 85000 25000 0.29 23000 iene 
C3-HT Lot1 115600 36000 0.31 25000 17500 0.15 wate 
Lot 2 108500 30000 0.28 TI 
C4 Lotl1 97700 24500 0.25 18000 14000 0.14 let 
Lot 2 91000 19000 0.21 17000 14000 0.15 are 
Lot 3 97500 28500 0.29 24500 eral 
Lot 4 88000 23000 0.26 19500 alun 
C4-HT Lot1 117800 35000 0.30 27000 27000 inun 
Lot 2 110600 32000 0.29 22000 13000 0.12 Al-F 
Lot 3 116800 31000 0.27 17500 Pj 
Al-Mn Bronze 110800 16000 0.14 16000 for « 
Ni-Cu-Si 136500 16000 0.12 13000 ural 
Mn Bronze 73200 9000 0.12 9000 Wris 
pum 
15 ft 
are also normal for non-ferrous alloys, and indeed The resistance to corrosion fatigue is about the same of fit 
are on the high side for cast copper-base alloys. in brackish Severn River water as in sea water. dead 
Occasional low ratios were observed in tests of actu: 
aluminum bronzes. In each case, this could be traced MAGNETIC PROPERTIES Tl 
bras: 


to poor material quality or to unusually large sec- 


The magnetic properties of feebly magnetic mate- 


tions from which the specimens were removed. Some- rials are of interest for applications on nonmagnetic 
times, also, a material would have good bending minesweepers. The magnetic permeability of many the 
fatigue properties and poor torsional fatigue prop- aluminum bronzes has been measured with a Fahy ag 
erties. This usually resulted from pronounced direc- Low-Mu permeameter at 100 oersteds. The highest Abo 
tional properties in wrought products. value recorded was 1.35 in an extruded 85.5-11-3.5 at 
Some of the aluminum bronzes have tensile prop- Cu-Al-Fe material. anaes 
erties equivalent to low and medium strength steels. The magnetic measurements showed that iron was was 
However, this does not mean that size-for-size sub- the only element that affected the permeability of B 
stitution can be made in applications involving fa- these alloys. The normal permeability was 1.00 in alun 
tigue resistance. The fatigue strength to tensile every instance where the iron content was low. out 
strength ratio for steels is usually in the range of However, there was no simple relation between the mon 
0.40 to 0.50, and this range is considerably higher iron content and permeability, as the permeability the | 
than that of the bronzes. was structure sensitive, i.e., it varied with casting whi 
The corrosion fatigue properties of aluminum conditions, heat treatment, rate of solidification, just 
bronzes are considered good for copper-base alloys. amount of hot work, etc. Whether the condition was N 
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cast or wrought had no direct bearing on permea- 
bility. 
SPECIFIC APPLICATIONS 


It is apparent from the foregoing sections that 
aluminum bronzes could be used for a wide variety 
of shipboard hardware. In many cases, satisfactory 
performance would require only that designs be 
compatible with the corrosion and mechanical prop- 
erties as determined by the usual “coupon” tests. 

But there are also applications, the suitability of 
which cannot be predicted accurately on such a sim- 
plified basis. These applications require more elab- 
orate study, perhaps in the form of simulated or ac- 
tual service tests. A few examples will be cited. 


Salt Water Piping. For many years the Navy used 
70-30 copper-nickel alloy for salt water piping. The 
alloy originally was made with a low iron content, 
and then later was modified to contain a nominal 
0.5% iron to enhance corrosion and erosion resist- 
ance. In more recent years, the Navy has used a 
90-10 copper-nickel alloy, with a nominal 1.5% iron, 
as a means of reducing cost and conserving nickel. 
The iron-modified cupro-nickels have provided sat- 
isfactory performance, with long life at designed 
water-flow velocities up to 15 ft./sec. 

The desire for still cheaper materials and com- 
plete elimination of nickel led to the study of sev- 
eral alternate alloys. Of special interest were an 
aluminum brass (76-22-2 Cu-Zn-Al) and two alum- 
inum bronzes, W3 (95-5 Cu-Al) and W5 (91-7-2 CU- 
Al-Fe). 

Piping systems of these alloys, and of copper-nickel 
for comparison, were set up and operated with nat- 
ural sea water at the Harbor Island Test Station, 
Wrightsville Beach, North Carolina. The water was 
pumped through the pipes at two velocities: 11 and 
15 ft/sec. The piping systems contained various types 
of fittings, including valves, tees, ells, unions, flanges, 
dead ends, etc., so as to stimulate flow conditions in 
actual installations. 

The two aluminum bronzes and the aluminum 
brass were in good condition after two years of op- 
eration at 11 ft/sec. Erosion was practically nil, and 
the pipe walls were only slightly roughened from 
corrosion. 

The situation was somewhat different at 15 ft/sec. 
About 70% of the W3 aluminum bronze alloy pipes 
had failed by perforation within 18 months. Failures 
occurred from both erosion and pitting, but pitting 
was the more serious form of deterioration. 

Better performance was obtained with the W5 
aluminum bronze alloy at 15 ft/sec. However, two 
out of ten pipe sections were perforated within 29 
months. Pitting and erosion were again found to be 
the cause of failure. Figure 4 shows a W5 alloy pipe 
which failed after 17 months in the turbulent area 
just downstream of a long radius elbow. 

No failures developed in the aluminum brass pip- 
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Figure 4. Aluminum bronze (W5 alloy) pipe which failed 
downstream of a long radius elbow after 17 months of test 
with sea water flowing at 15 ft./sec. 


ing over a 26-month test period at 15 ft/sec. How- 
ever, some erosion and pitting had occurred, espe- 
cially in turbulent areas immediately downstream 
of fittings. The deepest pits were about 20 mils deep. 
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Experiments of this type have led to the conclu- 
sion that @kiminum bronze and aluminum brass 
could be used with success for salt water piping at 
design velocities up to about 10 or 11 ft/sec. The 
alloys would provide fairly good erosion resistance 
at this velocity. However, the nickel-free alloys 
would not match the pitting resistance of the cupro- 
nickels. So eventual failures might be encountered 
after several years of service. 

The W3 aluminum bronze would definitely not be 
suitable for piping at 15 ft/sec. The W5 alloy and 
the aluminum brass would be better, with prefer- 
ence for the latter. However, even the use of alum- 
inum brass would entail some sacrifice in perform- 
ance. At 15 ft/sec., it is unlikely that an aluminum 
brass system would last as long as the high-iron 
varieties of copper-nickel, although it probably would 
outlast the low-iron variety of 70-30 copper-nickel 
which was used in naval vessels some years ago. 


Condenser Components. Somewhat similar results 
were obtained with these alloys when evaluated 
as tubes in model condensers. The tests were con- 
ducted with sea water flowing through the tubes at 
about 9 to 10 ft./sec. The W3 alloy tubes suffered 
considerable corrosion-erosion damage at the inlet 
ends and extensive pitting in other areas. The W5 
alloy tubes were much better, but still suffered 
corrosion-erosion damage at the inlet ends. The alum- 
inum brass was the best of the nickel-free alloys, 
but would not quite match the performance of 90-10 
copper-nickel. However, the aluminum brass did 
outperform the low-iron variety of 70-30 copper- 
nickel which was specified until a few years ago for 
tubes in naval condensers. 

The W3 and W5 alloys were also tried as tube 
sheets and water boxes in model condensers contain- 
ing 90-10 cupro-nickel tubes. The W3 alloy was not 
very satisfactory in either application, largely be- 
cause of excessive local pitting. The W5 alloy showed 
considerable promise in this application, although 
pitting was present to some extent. 

Tests have indicated that 90-10 copper-nickel may 
suffer galvanic corrosion when small areas of the 
cupro-nickel alloy are coupled to relatively large 
areas of aluminum bronze. On the other hand, no 
significant accelerated corrosion was observed in 
two-year model condenser tests in which 90-10 tubes 
were used with aluminum bronze tube sheets. The 
reason probably was due to the large area of the 
cupro-nickel tubes relative to the small area of the 
aluminum bronze sheets. 

The apparent compatability of the two alloys for 
condenser service was supported by examination of 
a cooler which had been in continuous use aboard a 
tanker for 14 years. The tubes were of 70-30 copper- 
nickel, and the tube sheets were of W2 aluminum 
bronze. Both materials were found to be in near 
perfect condition. 
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Valve Trim. Aluminum bronzes have been evaluated 
for stems, seats and discs in Navy Standard bronze 
globe valves. Present valves ordinarily use nickel- 
copper alloy for these parts, and conservation of 
nickel is the main attraction toward other materials. 
The globe valves are used aboard ship for fresh 
water, salt water, certain nonaqueous liquids and 
steam, up to 200 psi and 425°F. 

The aluminum bronze valve parts were tested un- 
der various conditions of simulated service, as fol- 
lows: 


(1) Stem wear during 10,000 cycles of valve opening and 
closing to a torque of 100 inch-pounds, with brackish 
Severn River water in the valve at 100 psi. 

(2) Stem wear during 5,006 cycles of valve operation on 
steam at 350-400° F and 140-260 psi. 

(3) Crevice corrosion tests under gland packings during 
7 months in flowing sea water and 15 months in qui- 
escent sea water. 

(4) Stem, disc and seat corrosion and erosion during 17.4 
months of operation on sea water which was pumped 
through the lines at 10 to 15 ft./sec. 


Experiments of this type indicated that satisfac- 
tory service should be obtained with valve stems 
made of W1 alloy (91-7-2 Cu-Al-Si )and W5 alloy 
(91-7-2 Cu-Al-Fe). Alloys W2 and W5 were tried 
for seat and disc applications, but were not consid- 
ered satisfactory. The seats and discs eroded ex- 
cessively in sea water service, especially under valve- 
throttling conditions, so that after a time the valves 
could not be shut off. 


Propellers. It is difficult to adequately evaluate a ma- 
terial for marine propellers without actually trying it 
in propeller service. The matter is complicated by a 
lack of agreement as to the most desirable proper- 
ties required of a good propeller alloy. Among the 
properties most commonly desired are: high strength 
and hardness, yet combined with good ductility and 
toughness; high resistance to corrosion fatigue; high 
resistance to cavitation erosion; good castability; 
good repairability by welding; and low cost. 

Which of these properties might be of most im- 
portance would depend to a great extent on the type 
of service desired. High strength and toughness 
would be needed on tugboats and icebreakers. High 
strength and corrosion fatigue resistance would be 
needed for any propeller designed with thin blades. 
PT boats would need these attributes combined with 
cavitation resistance. Good castability, repairability 
and low cost would be of great importance for pro- 
pellers on most large ocean-going vessels. 

Laboratory studies have shown that some of the 
aluminum bronzes have good all-around properties. 
Some early use was made of aluminum bronze for 
small propellers. But until recently, manganese 
bronze had a monopoly on large propellers. Prob- 
ably the greatest deterrents to the use of large 
aluminum bronze propellers were higher cost and 
fear of inadequate castability and weldability. 
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These difficulties have recently been overcome, 
first in Europe, and now in the United States, It is 
of interest that large aluminum bronze propellers 
have performed very well and have proved to be 
economical. A number of large aluminum bronze 
propellers have been cast in the United States, with 
several in the 30,000-pound class, and at least one 
weighing as much as 44,000 pounds. 

Domestic production seems to be paralleling Euro- 
pean practice in the selection of alloy compositions. 
One alloy corresponds to alloy C4, and contains 
nominally 10-5-5-1.5 Al-Ni-Fe-Mn, balance copper. 
Another is a high-manganese modification, such as 
8-2-3-12 Al-Ni-Fe-Mn, balance copper. 


Other Uses. The above examples represent only a 
few of the uses for which aluminum bronzes have 
been utilized or considered for utilization. Other ap- 
plications, for either military or merchant vessels, 
have included pumps, bolts, heat exchanger parts, 
fresh water stills, outboard shafting sleeves, rigging 


parts, gears, and numerous other components. But 
there is not the space to discuss these items here. 


CLOSURE 


It is apparent that substantially good physical, 
mechanical and marine corrosion properties are ob- 
tainable in the family of alloys known as aluminum 
bronzes. It is also apparent that aluminum bronzes 
can be used for a wide variety of shipboard hard- 
ware, provided designs are consistent with the prop- 
erties. It is important, however, that the individual 
alloys be screened carefully in selecting materials 
for specific applications. 

Within certain limitations, the use of aluminum 
bronzes can affect savings in cost and critical mate- 
rials. Depending on the application, their use in lieu 
of other materials may result in poorer, equal or 
better performance. In general, however, the alum- 
inum bronzes are gaining greater recognition as use- 
ful alloys on their own merits, and not merely as 
second-best substitutes for something else. 


Initial work on the first nuclear powered merchant ship was recently an- 


nounced by the contract award (to B&W) for design, development and 


fabrication of the reactor and components for the propulsion plant. A 


pressurized water reactor with a low fuel enrichment, it will be capable 
of developing 20,000 SHP continuous output, 22,000 SHP maximum. It 
will power, in addition to the propulsion plant, the electrical system, heat- 


ing system and cargo-handling equipment. 
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As in previous years, comment on the world ship- 
building position at the commencement of this tech- 
nical review of shipbuilding is fitting, and, once again, 
reference is made to the latest available information 
provided by Lloyd’s Register of Shipping. 

The first point which emerges from a review of the 
figures for the quarter ended 30 September, 1956, is 
that, in the field of production, Japan takes first place. 
Quoting the figures of ships completed in that quar- 
ter, as a criterion of the production rate, we find that 
Japan completed 80 ships of 416,689 tons gross. The 
next country is Germany, with 103 ships of 282,053 
tons, and then come Great Britain and Northern Ire- 
land, with 61 ships of 244,786 tons. Japan’s large ton- 
nage figure is, undoubtedly, partly due to the large 
tankers she is building. 

Turning now to the figures for ships under con- 
struction, we find that Britain is in the lead, with 333 
ships of 2,077,976 tons gross, representing nearly 28 
per cent of world construction. Japan and Germany 
come second and third, respectively. 

So far as Britain is concerned, the oil-tank ship 
represents the largest single type under construction, 
there being 58 vessels of this type, of 842,564 tons 
gross, under construction in British yards. However, 
on the basis of numbers, the cargo liner takes first 
place, with 95 ships of 675,376 tons. The cargo tramp 
accounts for 30 ships of 193,371 tons, while passenger 
and passenger/cargo types total 18 vessels of 158,625 
tons. It is noteworthy that ore-carriers account for 12 
ships of 123,730 tons. The oil-tank ship still maintains 
its position in world shipbuilding, the total tonnage 
under construction being 2,993,201 out of a total, for 
all types of ships, of 7,223,004 tons. How the situation 
in the Middle East will affect the tanker-building 
program, if at all, it is difficult to say; neither can 
one judge, as yet, if the blockage of the Suez Canal 
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is likely to cause a modification in the policy with re- 
gard to tanker-building. 

Finally, in considering the building figures, it may 
be noted that, of the ships being built in this country, 
some 73, of 486,286 tons gross, are for registration 
abroad. This may be taken as a measure of the export 
trade in this country, so far as shipbuilding is con- 
cerned. 

With the increasing sizes of some of the types of 
ships under construction, and particularly the oil- 
tank vessel, the question of adequate facilities for 
repairs has become an urgent problem in this and 
other countries. It is gratifying, therefore, to note 
that, in so far as this country is concerned, ship-re- 
pairers are taking steps in the right direction. During 
the year, information has been made public with 
regard to some of the new docks being constructed 
on the River Tyne. A paper dealing with this subject 
was read before the North-East Coast Institution of 
Engineers and Shipbuilders in February, 1956. The 
new dry-docks discussed in this paper were those of 
Smith’s Dock Co., Ltd., at North Shields, Messrs. 
Brigham & Cowan, Ltd., at South Shields, and Messrs. 
Swan, Hunter & Wigham Richardson, Ltd., at Wall- 
send. The dimensions of these three docks are, re- 
spectively, 709ft. by 95ft., 715ft. by 95ft., and 715ft. 
by 105ft. 

SHIP DESIGN 

During the year under review, a ship of interest 
which has entered service is the Bergensfjord. An 
account of this ship was given in a paper to the North- 
East Coast Institution of Engineers and Shipbuilders 
by Mr. K. Haug and Mr. N. Carter, towards the end 
of the year. One of the features of the ship is the 
aluminum superstructure. The particular interest, 
here, lies in the fact that it represents the largest 
aluminum superstructure yet to be built in this coun- 
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try. Further, the material is all welded, and this must 
be the largest welded marine structure, in aluminum, 
in the world. It is understood that the use of alumi- 
num in this ship was of great assistance to the de- 
signers, and this venture will, no doubt, lead the way 
for future aluminum structures. 

Another ship of particular interest is the Empress 
of Britain, built by the Fairfield Shipbuilding and 
Engineering Co., Ltd., for the Canadian Pacific Rail- 
way Company’s fleet. The new ship is very modern 
in appearance and has dimensions of 640ft. by 85ft. 
The service S.H.P. is 27,000, which gives a speed of 
20 knots. The structural design of the ship incorpo- 
rates a combination of longitudinal and transverse 
framing, and welding is employed to a great extent. 

In dealing with the design of ships, it is convenient 
to mention some matters which have been discussed 
before the various technical societies throughout the 
year. Two papers delivered in the United States at 
the May meeting of the American Society of Naval 
Architects and Marine Engineers might be discussed 
first. The first of these papers, presented by Mr. 
James Gilmore, is entitled “The St. Lawrence River 
Canal Vessels.” In his introduction, the author states 
that, when the St. Lawrence Seaway project is open 
to shipping, a type of ship long familiar in the St. 
Lawrence and the Great Lakes will become obsolete, 
to all intents and purposes. The paper traces the his- 
tory of these ships and shows their development. 
Descriptive photographs and drawings are given of 
the various types of ships which have been used in 
the canals. It may be argued that a consideration of 
ships which are soon to be relegated to an inferior 
role, can hardly be called technical progress, yet the 
development of these ships, to suit particular cir- 
cumstances, must be regarded as a good example of 
the design method and one which is worthy of study. 

The other American paper to which reference has 
been made is also concerned with the St. Lawrence 
Seaway. This paper, entitled “The Economics of Fu- 
ture European-Great Lakes Freighter Service,” is by 
Mr. Sydney A. Vincent. The paper shows that 
limited-draft sea-going freighters of 400ft. to 440ft. 
in length, and with a speed range of 14 to 18 knots, 
can transport, economically, general mixed cargoes 
between Europe and Lake Erie, via the St. Lawrence 
Waterway, during the seven-month ice-free season. 
It is suggested that, during the remainder of each 
year, the vessels operate between Europe and an At- 
lantic Coast port, and that the cargo be transported 
overland to the mid-west. The cost of transportation 
is presented with and without subsidies, and it is 
concluded that it would be cheaper and quicker to 
transport mid-west cargo via the St. Lawrence Wa- 
terway than via coastal ports during the ice-free 
season. 

Another paper on a design problem, this time in 
warships, has been read at the May meeting of the 
American Society of Naval Architects and Marine 
Engineers. This paper is by Constructor Commodore 
Rowland Baker, R.C.N., and deals with habitability 


in ships of the Royal Canadian Navy. The author de- 
scribes the factors leading up to the decision to revise, 
completely, and habitability arrangements in ships 
of the Royal Canadian Navy. Descriptions are given 
of these features as they are to-day, and, in particu- 
lar, reference is made to the change-over from ham- 
mocks to bunks, and the change from the old British 
system of feeding to the cafeteria and dining-hall 
system. Plans are included of the accommodations in 
modern ships. Although improvements can be made 
by re-arrangement of existing spaces, many improve- 
ments can only be adopted if some space and weight 
are provided. It is interesting to note that the in- 
creases in weight and space required are not con- 
sidered prohibitive. 

In yet another paper read before the American 
Society of Naval Architects and Marine Engineers, 
in November last, the air-conditioning of modern 
tankers and cargo ships has been considered. The 
authors of this paper—Mr. George B. Johnson and 
Mr. D’Arcy E. Phillips—discuss the air-conditioning 
plant for the living quarters of a group of four super- 
tankers, which went into service in 1954. Details of 
six different types of air-conditioning systems, suit- 
able for use in tankers and cargo ships, are described, 
and trends in marine air-conditioning are discussed. 
The authors state that the extent of air-conditioning 
in marine practice is lagging behind that in land prac- 
tice, but they foresee that air-conditioning on board 
ship will increase in the future. This paper represents 
a very worthy addition to the literature on this most 
important aspect of design. 

Finally, in connection with design problems, refer- 
ence is made to a paper entitled “Cargo-handling Ap- 
pliances,” by Mr. L. T. Norton, read before the Insti- 
tution of Engineers and Shipbuilders in Scotland. 
Cargo-handling is a very important matter in the 
modern ship, and there seem to be a wide range of 
opinion on the subject, from those who consider that 
the ship itself must carry the most efficient and time- 
saving equipment, to those who believe that cargo- 
loading and unloading gear ought to be provided by 
the ports to which ships trade. However, Mr. Nor- 
ton’s paper is concerned with the gear normally to be 
found on board ship, in the form of winches and der- 
ricks. 

The author’s suggestions as to features which 
would lead to efficient cargo-handling and the effect 
of these on the general design will be of interest to all 
ship designers. He considers that accommodation 
spaces, apart from those provided in the poop and 
forecastle, should be concentrated around and over 
the engine-room spaces, thus leaving the remainder 
of the deck as free as possible from obstructions to 
cargo-handling. Each cargo hold should have hatch- 
ways as near as possible the same areas as the holds 
themselves. Unstayed samson posts should be fitted 
between each pair of holds, and the cargo winches 
should be mounted on a platform in an awthartship 
line with the samson posts. The author considers that 
a ship designed in this way would be able to load and 
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unload more quickly, and it is also considered that 
attention might be drawn to the greater use of doors, 
in the sides of the ship, for the purpose of loading and 
unloading. 


STRUCTURAL STRENGTH AND WELDING 


Structural problems still continue to confront ship- 
builders and research into the problem of producing 
more efficient structures is a matter of great impor- 
tance. 

The increasing size of vessels of certain types, and 
particularly oil-tankers, has brought about consider- 
able interest in calculations for the longitudinal 
strength of ships. Such calculations, which were 
rarely, if ever, carried out for merchant ships, have 
now become almost drawing-office routine. Therefore, 
a paper on a simplified method of calculating bending 
moments is obviously most welcome, and such a con- 
tribution came to us from South America. Professor 
A. Mandelli, of the Argentine Naval Academy, has 
written a paper on this subject, and although this was 
published by the Institution of Engineers and Ship- 
builders in Scotland late in 1955, it does not seem out 
of place to refer to it in the present article. 

The paper describes how it is possible, for any 
given condition of loading of a ship, to calculate, 
exactly, the bending moment amidships, without re- 
sorting to bending-moment curves. The determina- 
tion of the influence line of bending moment amid- 
ships is also dealt with, and it is demonstrated how 
the complete bending-moment curve can be obtained 
readily, when required. 

One of the difficulties in the reduction of the 
strength of ships to calculation is the correct assess- 
ment of the sea-going conditions the ship is likely to 
experience in service, i.e., the height and length of 
waves which may be expected on any particular 
route. Much useful information on this subject has 
been collected during the past 10 years or so, and the 
latest addition to the literature on the subject came 
from America in the form of a paper by Mr. Norman 
H. Jasper, entitled “Statistical Distribution Patterns 
of Ocean Waves and of Wave-induced Ship Stresses 
and Motions with Engineering Applications,” read 
before the American Society of Naval Architects and 
Marine Engineers in November last. 

The author states that little is known about the 
frequency of occurrence of the various magnitudes of 
ocean waves, and that the object of the research de- 
scribed in the paper is to show how, by the use of 
statistical methods, it is possible to describe and pre- 
dict service conditions for ships. For this purpose, 
wave observations taken continuously over a period 
of six years were studied. These were obtained from 
various weather stations in the Atlantic Ocean. Also, 
wave-induced motions and stresses obtained under a 
variety of operating conditions were studied for seven 
different ships. The analysis of the vast amount of 
data collected in this way showed that it was possible 
to approximate the probable distributions of wave 
height, wave length, wave induced pitch, roll and 
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heave, and wave-induced ship stresses in a fairly 
simple manner. It is evident that research of this type 
will lead to a better understanding of the conditions 
to which ships are subjected at sea, and thus enable 
a more accurate estimate of the forces and moments 
on the structure to be made, and so, ultimately, to 
produce more economical structures. 

A problem still of importance in the shipbuilding 
industry is that of brittle fracture in steel plates. 
Much research has been carried out on this subject 
since the war, and it would be dangerous to say that 
the difficulties have been solved completely. A sur- 
vey of the brittle fracture problem has been made 
recently by Mrs. C. F. Tipper in a paper entitled “The 
Brittle Fracture Problem, 1943-56,” read before the 
Institute of Welding in November last, and which is 
to be found in the British Welding Journal for Octo- 
ber, 1956. The survey covers the period from 1943 to 
1956, and gives a historical review of the problem. 
Such matters as crack initiation and propagation are 
dealt with, and criteria in impact tests are described. 
A number of references are given, and these should 
prove of great value to those interested in this im- 
portant problem. 

Brittle fracture has also been dealt with in a paper 
to the Institution of Naval Architects in the spring 
of 1956. The author of this paper, entitled “The Brittle 
Fracture Strengths of Welded Steel Plates,” is Mr. 
A. A. Wells, and he gives an account of tensile tests 
on wide mild-steel plates of 1-in, thickness, where the 
plates contained central notched butt welds parallel 
to the direction of pull. The notches were made by 
fine saw-cuts in the plate edges, prepared for weld- 
ing, and were intended to simulate weld flaws. The 
tests were conducted within the temperature range 
+15° C. It was found that, at temperatures above 4° 
C, the plates sustained yield-point average static ten- 
sile stresses, before brittle fracture occurred. Below 
4° C, brittle fracture across the weld residual-stress 
zones started from the saw-cuts, either spontaneously 
after welding or with small external loads. At 4° C, 
a single-stage fracture was produced at half the 
yield-point stress. It was found that, in welded plates 
which had been stress-relieved by stretching, no resi- 
dual-stress zone fractures could be produced at less 
than the yield stress in the temperature range 
£39" C. 

Considerable importance was attached to the criti- 
cal temperature at which alone complete fractures 
could be obtained at half the yield-point stress. The 
Charpy V-notch energy, of 7ft. lb at this temperature, 
matches the energy range identified for casualties in 
American welded ships. It would appear that the be- 
havior in these tests could be explained in terms of 
the mechanical effects of weld shrinkage and residual 
stresses, and metallurgical damage over the narrow 
weld-hardened zone. 

Allied to the problem of brittle fracture is the ques- 
tion of the quality and properties of the plate material 
being welded. A paper entitled “The Modern Manu- 
facture of Steel Plate for Shipbuilding,” was read in 
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January by Mr. T. F. Pearson before the North-East 
Coast Institution of Engineers and Shipbuilders. The 
author of this paper describes the complete steel pro- 
duction processes, including both acid and basic proc- 
esses, and the question of refining in the open-hearth 
furnace. The rolling and finishing operations are ex- 
plained, and the mechanical testing of the finished 
product is dealt with. The chemical, physical and 
metallurgical properties of steel are discussed. 

Naturally, a most important subject dealt with in 
the paper is that of brittle fracture, and the author 
considers the development of improved steels for use 
in shipbuilding where welding is to be employed. The 
contribution which the steelmaker has made, in re- 
cent years, towards the brittle-fracture problem is to 
produce steels which are less susceptible to notch 
brittleness, or, in other words, the transition range 
has been displaced towards lower temperatures. It is 
of interest to summarize some of the ways in which 
these improvements have been effected. It will be re- 
membered that one of the interim measures for im- 
proving the notch toughness of ordinary mild steel 
was to ensure that the manganese-carbon ratio was 
not less than 2% : 1. The next development was the 
production of a still higher manganese-content steel, 
viz., up to 1 per cent manganese. The effect of this was 
to increase the tensile strength, and, in order to keep 
the strength in the 28/32-ton range, it was necessary 
to reduce the carbon content. This type of steel was 
introduced in 1950. It is known that normalizing im- 
proves the grain structure, and thus improves the 
notch toughness, so that this process can be used with 
advantage. 

Another method is to grain-refine the steel at tap- 
ping by the addition of aluminum. At the present 
time, the best results can be obtained with a Mn/C 
ratio of 8: 1, the steel being grain-refined and nor- 
malized. Naturally, these improvements in proper- 
ties, involving as they do the addition of more man- 
ganese and the employment of additional processes, 


cannot be achieved without extra cost. If, therefore, — 


the high quality obtainable by these means is neces- 
sary in practice, the shipbuilder, and ultimately the 
shipowner, must be prepared to face the higher costs 
of such improved steels. 

Another useful contribution to the brittle-fracture 
problem is to be found in a further paper, read by 
Mr. T. M. Norén before the North-East Coast Insti- 
tution of Engineers and Shipbuilders, in November 
last, and entitled “The Nominal Cleavage Strength 
of Steel and its Importance for Welded Structures.” 
The nominal cleavage strength is defined as the high- 
est nominal tensile stress which a steel can with- 
stand in the presence of a crack, without the initia- 
tion of fracture at the crack point. The nominal cleav- 
age strength decreases continuously as the tempera- 
ture decreases, just as the yield point increases with 
decreasing temperature. 

If curves of these two strengths are drawn, the 
point of intersection would appear to be a transition 
temperature for the steel, defined as the temperature 


above which plastic deformation can take place in a 
large volume of material, despite the presence of a 
crack, but below which only minor local plastic defor- 
mation is possible immediately in front of the crack. 
It is stated that results have been obtained which 
showed a certain correlation to the results of impact 
tests as well as to those of other brittle fracture tests. 
The paper indicates that the quality of a steel with 
regard to its brittle-fracture tendency cannot be ex- 
pressed simply by an impact transition temperature. 

Turning now from the brittle-fracture problem, we 
come to the question of structural design, and men- 
tion may be made of the symposium on “The Plastic 
Theory of Structures,” to be found in the British 
Welding Journal for August, 1956. The great pioneer 
of the plastic theory in this country is Professor J. F. 
Baker, of Cambridge University, and structural de- 
signers will be familiar with his work in this field. It 
is fairly safe to say that, in so far as ship structures 
are concerned, they are not designed with any such 
theory in mind. It has, however, been shown that 
where such a method of design has been adopted, 
greater economy in the use of material has been 
achieved. It is for this reason that the designer of 
ships’ structures would do well to give this method 
of design serious thought in these days of high costs 
and shortage of steel. It would seem that the designer 
might well consider the transverse structure of a ship 
with its many redundancies from this point of view. 
The symposium deals with single and multi-storeyed 
framed foundations, thermal stresses, impact, frame 
instability and various design problems. 

An interesting account of the testing of welding for 
warship construction is to be found in the British 
Welding Journal for October, 1956. The author of this 
paper—“Testing of Welding for Warship Construc- 
tion”—is Mr. W. R. Seward, R.C.N.C. A description 
is included of the testing of welding at the Naval Con- 
struction Research Establishment, Dunfermline. The 
results of explosive tests are first discussed, and a 
brief account of the main findings of these experi- 
ments is, perhaps, fitting. Firstly, it may be stated 
that the resistance to explosive loading of the best 
submerged arc-welded plate was about 60 per cent of 
the plain plate. This efficiency was raised to 67 per 
cent when the plate was normalized at 900° C, after 
welding. Secondly, the strength of the best normally 
welded plate was about 40 per cent of that of the 
plain plate, and this was increased to 47 per cent by 
normalizing. It is interesting to note that, in the sub- 
merged-arc process, the welded plates were consist- 
ently stronger when the final pass was facing the 
charge, and also that, in the case of normally welded 
plates, greater strength was obtained when the weld 
force faced the charge. The results of a large number 
of tests on steels of different chemical compositions, 
and using different cooling rates, are discussed in de- 
tail. This paper will well repay study by the ship- 
builder, as the information given of the weldability 
of different types of steel is of great value. 

Turning to a purely theoretical consideration, men- 
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tion might be made of a short paper by Mr. W. 
Muckle entitled “Stresses in the Neighborhood of 
Discontinuities,” which was presented to the North- 
East Coast Institution of Engineers and Shipbuilders, 
in November last. This paper draws an analogy be- 
tween a stressed plate and the deflection of a plate 
bent by edge couples. It shows how, by considering 
the deflection of a plate, the stress distribution in a 
plate of the same shape might be obtained. It is in- 
tended that this method of obtaining stress distribu- 
tion should be applied to plates where there are dis- 
continuities, such as holes. No experimental 
technique is described in the paper, but, clearly, it 
is necessary to be able to measure accurately the de- 
flection of the bent plate, and also the radius of cur- 
vature at various points, in order to apply the 
method. 

In concluding this section on structural strength, 
reference is made to the work carried out by the 
British Shipbuilding Research Association. This 
work may be summarized under the heading of the 
determination of loads, stresses and deflections in 
ships’ structures. A good deal of work has been car- 
ried out at the Imperial College of Science and Tech- 
nology, London. Up to the present, pilot tests have 
been undertaken, to study the behavior of celluloid 
in small models. These tests are in preparation for a 
series of celluloid model tests on transverse strength, 
which are to be carried out at the College. 

Two reports have been issued to member firms 
describing structural investigations on box girders, 
carried out at the College. In passing, it might be 
mentioned that some of this work was described in 
a paper given before the Institution of Engineers and 
Shipbuilders in Scotland, late in 1955. The first re- 
port, referred to in the foregoing, dealt with experi- 
ments carried out on a stiffened box girder, subjected 
to both bending moment and shearing force. The sec- 
ond report described the behavior of a stiffened box 
girder under pure bending, after the addition of 
longitudinal stiffeners to the compression flange. 

There have been preliminary tests at the experi- 
ment tank of Messrs. Vickers-Armstrongs, Ltd., at 
St. Albans, on the determination of maximum bend- 
ing moments due to waves. The staff of the Associa- 
tion have also been carrying out static bending tests 
on a number of ships. In addition, autographic record- 
ing and statistical strain gauges have been placed on 
a number of ships, and the records obtained are being 
analyzed. 

As can be imagined, the work referred to in this 
brief summary is considerable, and the results will 
be awaited with great interest. 


RESISTANCE AND PROPULSION. 

The best indication of the progress being made in 
this branch of naval architecture in Britain is by re- 
ferring to the research work which is on hand for the 
British Shipbuilding Research Association, and the 
work which is being undertaken by the Ship Division 
of the National Physical Laboratory. It is difficult to 
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dissociate these two organizations in this field, since 
some of the B.S.R.A. work is being carried out at the 
N.P.L. 

The B.S.R.A. have a program of propeller scale- 
effect tests in hand, and, for some time now, the staff 
of the Association have been studying problems in 
connection with this subject. For example, tests are 
being carried out at the National Physical Labora- 
tory, in the compressed-air tunnel, on a number of 
cambered aerofoil sections. Another project for the 
B.S.R.A., under investigation at the N.P.L., is the 
detection of laminar flow on a 10-in. diameter model 
propeller. The tests on this propeller have been car- 
ried out with, and without, trip wires on the face and 
the back of the blades. 

During 1956, the B.S.R.A. issued a report to mem- 
ber firms describing experiments on propeller scale- 
effect undertaken at the testing tank of Messrs. John 
Brown and Co. (Clydebank), Ltd. In these experi- 
ments, a 24-in. diameter propeller was tested with 
trip wires attached. 

A most important aspect of the B.S.R.A. work on 
resistance and propulsion is the study of ship per- 
formance, both on trial and in service. The B.S.R.A. 
staff have attended a number of ship trials during the 
past year and valuable information has been col- 
lected. In addition, at the Association’s laboratory at 
Sunderland, automatic recording instruments for 
measuring the performance of ships in service have 
been developed, and many of these instruments are 
now in use. 

A report issued during the past year described ex- 
periments to determine the influence of surface 
roughness on the performance of a model propeller. 

The work of the Ship Division of the National 
Physical Laboratory is, as usual, divided between 
commercial testing of models and propellers for ship- 
owners and builders, and fundamental research 
work. With regard to work in the former category, 
the fact that a delay of five or six months exists in 
putting resistance and propulsion tests in hand for 
shipbuilders, is indicative of the importance which is 
now placed in the tank test for new ships. In the year 
up to September, 1956, no fewer than 50 special in- 
vestigations were carried out, and these included two 
passenger liners, 21 cargo ships, seven oil-tank ves- 
sels, three coasting motorships, six trawlers and two 
tugs. 

In the field of research, no fewer than 32 models 
were made, of which 15 were for the B.S.R.A. and 
five for the ship-model correlation comparison of a 
number of ships. An important fact which has 
emerged in the consideration of ship-model correla- 
tion is that hull roughness is probably the major 
factor accounting for differences between model and 
ship. Special tests are being carried out in conjunc- 
tion with the B.S.R.A. on the D.S.LR. ship Sir Wil- 
liam Hardy, both in the foul and clean conditions. 

Investigations of the influence of form factor on 
frictional resistance are being pursued, and among 
the other special items are studies of the acoustic 
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radiation from cavitation, behavior of lightships and 
pitch damping factors. 

Substantial progress has been made with the N.P.L. 
Ship Hydrodynamics Laboratory at Feltham. The 
whole project is expected to be completed by the 
beginning of 1959, and, when this is ready, the fa- 
cilities of the Ship Division will be very greatly ex- 
tended. 

More detailed accounts of some of the research by 
the British Shipbuilding Research Association and 
the National Physical Laboratory are given in the 
following notes, where various papers emanating 
from these establishments are discussed. 

A matter still of great importance in the accurate 
prediction of ship resistance is the correct assessment 
of skin friction resistance. We have to record two 
papers which have been published during the year on 
this subject. The first to which reference is made is 
“The Viscous Resistance of Surface Vessels and the 
Skin Friction of Flat Plates,” by Mr. P. S. Granville, 
and read before the American Society of Naval Arch- 
itects and Marine Engineers in November last. This 
paper first of all reviews the viscous resistance of ship 
forms in connection with the prediction of the full- 
scale resistance of ships from the results of model 
tests. The author has derived a general formula for 
the resistance of flat plates from the similarity laws, 
and this provides a common basis for the form of the 
Schoenherr, the Lap-Troost and the Hughes formu- 
lae. A consideration of experimental results has led 
to the conclusion that the basic Froude hypothesis 
concerning the separation of viscous and wave-mak- 
ing resistances is justified; but to enable accurate 
extrapolations to full-scale resistance to be made, a 
full-scale ship with a hydrodynamically smooth sur- 
face must be tested. It would seem, too, that further 
research into the influence of basin-wall effect on 
large models, and turbulence stimulation on small 
models, is required. The author is of the view that the 
use of a flat plate line, as a reference line for form or 
viscous resistance, still seems a fruitful method of in- 
quiry. The concept of the form, or viscous resistance 
coefficient, having a fixed part, and a part proportional 
to the flat plate resistance coefficient, is inclusive 
enough to encompass any probable variations. 

Another valuable contribution to the ship fric- 
tional-resistance problem came from Mr. G. Hughes 
in a paper on “Viscous and Interference Effects De- 
duced from N.S.M.B. and N.P.L. ‘Victory’-model 
Tests,” read before the Institution of Naval Archi- 
tects at their spring meetings. In this paper, Dr. 
Hughes discusses viscous and interference effects as 
deduced from the “Victory”-model tests of the Neth- 
erland Ship Model Basis and of the National Physi- 
cal Laboratory. The combined results from these two 
establishments have been analyzed by the author in 
relation to assumed viscous formulae, and the tank- 
boundary interference effects, required to provide a 
balance, have been deduced. It is demonstrated that 
the interference effects, which correspond to the vis- 
cous formulae proposed by the author from previous 


work, are consistent and reasonable, but further 
work of a similar nature is required to enable the 
viscous and interference effects to be separated out 
more accurately. One of the very valuable points 
about this paper is that it contains a great many re- 
sults of experiments on resistance with the actual 
measurements, This should prove very useful to the 
research worker, as he is thus enabled to re-analyze 
the data in his own way, if he so wishes. 

Some research work of the National Physical Lab- 
oratory has been made available in a paper by Mr. 
J. F. Allan and Mr. R. S. Cutland, entitled “The Effect 
of Roughness on Ship Resistance,” read before the 
North-East Coast Institution of Engineers and Ship- 
builders. This paper deals with the effect of hull 
roughness on resistance, and includes the effect of 
structural roughness on all-riveted and all-welded 
shells and of paints and other local roughnesses which 
frequently occur. The smooth-surface resistances, 
with which the roughness experiments were com- 
pared, were the results of experiments on pontoons 
15ft. long, 4ft. wide and 0.3in, draft. The roughnesses 
tested were transverse plate edges facing aft and for- 
ward, and also filled in with Plasticene to give a one- 
in-four taper; rivet points on transverse plate edges; 
transverse welding beads; frame rivets; fore and aft 
seams; and paint roughness. The speed of the water 
in the boundary layer was measured for all these 
tests. The results of the tests were presented in the 
usual form of C: to a base of Reynolds number. 

When the results of the tests are compared with 
the smooth-ship Schoenherr resistance, the amount 
of power being wasted in a riveted ship, due to this 
cause, is very considerable. The increase in resistance 
over the smooth values for various types of ship may 
be summarized as given in Table I. 


TABLE I. 
Vessel per cent per cent 

[37.3 1.7) 


The most important single item accounting for the 
increase in resistance due to structural roughness is 
the transverse plate edge. This accounts for nearly 
half the total increase in resistance. The reduction in 
this structural resistance for the welded ship is quite 
remarkable, and if this investigation did nothing more 
than demonstrate the vast superiority of the welded 
ship over the riveted ship, from a propulsion point 
of view, it would be invaluable. However, there is 
much more of value in the paper which will well re- 
pay careful study. 

The Taylor Model Basin Series 60 Models must 
now be very well-known to naval architects. A fur- 
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ther paper giving additional information on these 
models has been contributed to the American Society 
of Naval Architects and Marine Engineers by Mr. 
F. H. Hodd and Mr. P. C. Pien. The paper is entitled 
“Series 60—the Effect upon Resistance and Power of 
Variation in L.C.B. Position,” and in it is discussed 
the influence of the position of the longitudinal center 
of buoyancy on the resistance. The position of the 
L.C.B. has, of course, long been recognized as a 
measure of the relative fullness of the two ends of 
the form—hence its effect on the resistance. At each 
of the block coefficients of the five parents of the 
series, covering a range from 0.60 to 0.80, new models 
have been tested in which L.C.B. was varied. The 
models were tested both for resistance and propul- 
sion. A large amount of data obtained from these 
tests are available in the paper under discussion, and 
it is not proposed to comment upon it in detail here. 
It is sufficient to say that the results provide a valu- 
able guide to designers in deciding the longitudinal 
distribution of displacement in forms in the range of 
fullness covered. From the results of these experi- 
ments, the new basic models have been chosen for 
the final part of this important research, which is te 
consist of geometrical variations of both the length/- 
breadth ratio and the breadth/draft ratio. 

In recent years, a factor which has emerged in the 
tank-testing of ship models is the influence of the 
results of the model size in relation to the size of tank 
in which the tests are carried out. It would be too 
much to say that this problem is solved completely, 
and, therefore, a welcome addition to the literature 
on the subject is by Mr. G. Hughes. This appeared as 
a paper to the Institution of Naval Architects during 
the past year, under the title of “The Effect of Model 
and Tank Size in Two Series of Resistance Tests.” 
In this work, after a discussion of the problem in gen- 
eral terms, a method is developed for determining 
viscous and blockage effect in resistance tests carried 
out on geometrically similar models in more than one 
tank. The method proposed by Dr. Hughes is applied 
to the results for a fast steamship and for a cruiser. 
These experiments were carried out originally at the 
Hamburg Model Experiment Establishment and they 
were supplemented by work at the National Physi- 
cal Laboratory. If the increase in total resistance co- 
efficient could be expressed as AC; = k (a/a)” 
where a/a is the ratio of the maximum immersed 
area of the model to the cross-section area of the 
tank, the author says that it is not possible to deter- 
mine, with certainty, the value of k and n from the 
experiments analyzed. It is certain that k increases 
rapidly with Froude number, and that n might be 
expressed as a function of the frictional and wave- 
making coefficient »C; and .C; with the influence of 
»C; predominating. The analysis in this paper ex- 
tends our knowledge of a most important aspect of 
tank testing work, and carries us a stage further to- 
wards the accurate prediction of this effect. 

Reference is next made to two papers dealing with 
special types of craft, viz., trawlers and coasters. The 
first of these—“The Resistance of Trawler Hull 
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Forms of 0.65 Prismatic Coefficient’—is by Mr. 
Cedric Ridgeley-Nevitt, and is found in the Trans- 
actions of the American Society of Naval Architects 
and Marine Engineers. The paper covers the devel- 
opment of a fishing-trawler hull of 0.65 prismatic co- 
efficient and displacement-length ratio of 300, to serve 
as a parent form for future resistance experiments. 
An average American trawler was designed and 
tested. Three variations covering the effects of water- 
plane coefficient, midship-section coefficient and 
shape of section-area curve were investigated to find 
desirable values from a smooth water resistance 
standpoint, and the indicated changes were incor- 
porated into two new hull designs. The better of 
these two forms proved to have almost 12 per cent 
less resistance than the first form tried. These forms 
are particularly susceptible to laminar flow and, 
therefore, an extensive investigation of the turbu- 
lence stimulation problem, became necessary. The 
investigation showed that, with the major parameters 
of displacement-length ratio and prismatic coefficient 
fixed, it is possible to design hull forms with wide 
variations in resistance. A significant point is that 
small changes in form can result in appreciable 
changes in resistance, and it is concluded that there 
is still a very major element of art in designing a hull 
with minimum resistance. 

The other contribution referred to is by Mr. J. 
Dawson and is on “Resistance and Propulsion of 
Single-screw Coasters; Part III—L/B=6'%.” This 
paper was read before the Institution of Engineers 
and Shipbuilders in Scotland, and represents Part 
III of a research carried out at the National Physical 
Laboratory on single-screw coasters. The present se- 
ries is on ships with a ratio of length to breadth of 
612. There were 12 models tested in all, the parent 
forms having block coefficients of 0.75, 0.70 and 0.65 
at the load draft. For each value of the block coeffi- 
cient, three other models were made, having different 
positions of the longitudinal center of buoyancy. All 
models were tested at the deep load, medium load 
and ballast drafts on an even keel. Tests were also 
carried out in the ballast condition with a trim of 
5ft. by the stern. Propulsion experiments were un- 
dertaken, in addition to the ordinary resistance tests. 
One interesting feature may be quoted from these ex- 
periments, viz., that the optimum position of L.C.B. 
differs when considered from the point of view of ©, 
Q.P.C. or ©/Q.P.C. This can best be shown by quot- 
ing the actual results for the three values of the block 
coefficient. These are given in Table II. 


TABLE II. 


Optimum Position of L.C.B. 
per cent L. 


For © For©/Q.P.c. 


1.00F 0.90F 
1.03F 0.85F 
1.60A | 1.68A 


“S. 
I 
res 
fro 
shi 
the 
Th 
per 
No 
bui 
che 
tan 
as 
sec 
drz 
Th 
sec 
V- 
en 
inc 
in | 
im) 
drz 
ext 
40, 
bre 
ser 
eff 
ter 
for 
tes 
are 
thi 
of 
pre 
Mr 
Wil 
cel 
tec 
me 
dy: 
ya 
ha’ 
po; 
the 
do’ 
pre 
the 
for 
bel 
me 
0.75 066 | 
0.70 076 
0.65 | 036 | ve: 


“S.B. & M.E.B.” 


SHIPBUILDING IN 195c 


It will be noted that the differences between the 
results for © and ©/Q.P.C. are not very large, being 
from about 0.1 to 0.2 per cent of the length of the 
ship. 

Another valuable series of resistance and propul- 
sion experiments has been carried out in Sweden at 
the Swedish State Shipbuilding Experiment Tank. 
The results of these tests have been published in “Ex- 
periments with Tanker Models,” read before the 
North-East Coast Institution of Engineers and Ship- 
builders by Mr. Hans Edstrand. The parent form 
chosen for this series of experiments was that a 
tanker of about 22,000 tons displacement and having 
a speed of about 15 knots. The shape of the fore-body 
sections, the length/breadth ratio and the breadth/ 
draft ratio were the first variables to be considered. 
The tests on the shape of the fore-body indicate that 
sections of U-form are generally superior to those of 
V-form. The length/breadth ratio appears to influ- 
ence performance only to a limited degree, while an 
increase in the breadth/draft ratio causes an increase 
in resistance, but, on the other hand, it produces an 
improvement in propulsive efficiency. The breadth/ 
draft ratio variation enabled the investigation to be 
extended to forms suitable for large tankers of about 
40,000 tons displacement. The form with the higher 
breadth/draft ratio was used as the parent form for a 
series involving variation of the block coefficient. The 
effect of varying the longitudinal position of the cen- 
ter of buoyancy was also investigated. Very full in- 
formation is available in this paper for the ship forms 
tested, and also a great amount of experimental data 
are to be found for the various tests carried out, and 
this should be of great value to the tanker designer. 

A subject about which little is heard is the testing 
of yacht forms, and the paper on “Yacht Testing” 
presented to the Institution of Naval Architects by 
Mr. J. F. Allan, Mr. D. J. Doust and Mr. B. E. Ware, 
will therefore be of great interest. The paper is con- 
cerned with the sailing yacht, and after reviewing the 
techniques used previously in carrying out experi- 
ments on this class of craft, a description of the N.P.L. 
dynamometer is given. The models used for work on 
yachts are made of wood, and they are arranged to 
have an overall length of about 5 ft. An interesting 
point in connection with model manufacture is that 
the center of gravity must be in the correct scaled- 
down position corresponding to that of the full-scale 
prototype. A most important factor in the tests of 
these models is the stimulation of turbulence, and, 
for this purpose, studs % in, in diameter are fitted 
below the water-line in the forebody. These project 
1/16 in. from the hull and are spaced in a set pattern. 
Investigation of the turbulence produced by this 
means showed that, at speeds above 2 ft. per second, 
satisfactory turbulence stimulation was produced. 
While the apparatus described in this paper enables 
a great deal to be learned on the subject of yachts, it 
is clear that a great deal of research work still re- 
mains to be done before the performance of these 
vessels can be understood completely. It is con- 


sidered by the authors, for example, that further in- 
vestigations on sail forces, hull design, stability, cen- 
ter of effort and design of appendages would yielc 
valuable results. 

Another somewhat unusual subject, which has 
been dealt with during the year, is the performance 
of a high-speed launch. The information on this sub- 
ject is to be found in a paper entitled “The Planing 
Performance, Pressures and Stresses in a High-speed 
Launch,” read by Commander Peter Du Cane, R.N. 
(Rtd.), before the Institution of Naval Architects. 
This describes the results of tests on a 68-ft. launch 
of the hard-chine type, designed and constructed pri- 
marily for air/sea rescue purposes. While we are con- 
cerned, here, with the hydrodynamic features of this 
vessel, it might be noted that the hull of the ship was 
constructed cof aluminum, and welded throughout. 
The side panels of the hull consisted of a fiber-glass 
laminate, molded to shape. The speed of the launch 
was in excess of 40 knots, and, in order to establish 
the suitability of the craft for service conditions, rec- 
orded measurements were made of planing pressures, 
accelerations and stresses in the planing bottom. As 
an indication of the conditions to which vessels of this 
type are subjected, it might be noted that the maxi- 
mum acceleration at the wheel position was 6 g, while 
this went up to nearly 8% g in the fore peak. The 
maximum panel pressure was 12.3 Ib per sq. in. The 
propulsion characteristics of these high-speed vessels 
are of interest, and, in the present craft, a propulsive 
efficiency of 0.53 was obtained, which was considered 
quite good. The propeller blades have hollow sections 
and they were tested at appropriate shaft angles in a 
cavitation tunnel. The tests were carried out over a 
wide range of cavitation number values and of ad- 
vance coefficient J. Despite some 400 hours of mostly 
high-speed running, the amount of erosion on the 
blades is negligible. It is considered that this may 
indicate a fully cavitating blade back. 

We have had occasion to refer, previously, to work 
on the subject of paddle wheels, carried out at the 
Dumbarton Experiment Tank. The second part of this 
research work appeared during the course of the 
year, the results being presented to the Institution of. 
Engineers and Shipbuilders in Scotland by Mr. H. 
Volpich and Mr. I. C. Bridge, in a paper entitled 
“Paddle Wheels; Part IIl.—Systematic Model Experi- 
ments.” The earlier experiments to which reference 
has been made showed no conclusive effect in terms 
of size, and, in carrying out these further tests, it was 
considered reasonable to make them on the larger of 
the wheels only. The experiments cover a wide range 
of variables, including size, number and shape of 
floats, immersion of floats and the position of the star 
center. The results of these experiments are pres- 
ented in the form of charts in terms of a speed para- 


meter V,\/D, a revolution-per-minute parameter 


N\D, and thrust and power parameters repre- 
sented by T/pD* and 100 d.h.p./pD*°, respectively. 
This work, together with that published earlier, rep- 
resents a valuable contribution to the paddle-wheel 
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problem, and the results should prove exceedingly 
useful to designers who have to deal with ships which 
employ this means of propulsion. 


Contra-rotating propellers are not new, but they 
have, perhaps, been somewhat neglected in the past 
from the purely scientific point of view. Some Dutch 
work on this subject is therefore welcome, and is to 
be found in the Transactions of the Institution of 
Naval Architects. The paper was given at the spring 
meetings of the Institution by Dr. J. D. van Manen 
and Dipl. Ing. A. Sentic, and was entitled “Contra- 
rotating Propellers.” The experimental work de- 
scribed was on a series of systematically-varied 
contra-rotating propellers. The front propellers, 
which were of the B 3-65 series, had pitch ratios 
varying from 0.6 to 1.4. The rear propellers were also 
of the B. series, but their diameter-pitch ratios and 
blade-area ratios were determined by calculations 
based on the circulation theory for ship propellers. 
The pitch ratios of these propellers varied from 0.928 
to 1.492, while the blade-area ratio varied from 0.667 
to 0.714. The constant diameter of the front propeller 
was 240 mm. while the diameters of the rear pro- 
pellers varied from 230.5 to 240 mm. There was a 
constant distance of 0.37 D between the propellers. 
The results of the propeller tests were plotted in the 
form of Bp_s charts. The experiments showed that 
the contra-rotating propeller system is one of high 
efficiency, and this is a factor worth considering in 
developing special propeller arrangements. From 
the data obtained in the experiments, it has been 
found possible, with the aid of the circulation theo- 
ry, to develop a method whereby contra-rotating 
propellers may be designed very rapidly. The test- 
ing of contra-rotating propellers in the cavitation 
tunnel is recommended, since the results of such 
tests will give valuable data concerning the quality 
of the design. It would seem that this series of ex- 
periments has put the design of this special type of 
propeller on a sound basis, and should enable the 
designer to assess the real value of this somewhat 
unusual method of propulsion. 

The design of propellers to suit the wake condi- 
tions in which they are to operate has received much 
attention in recent years, and the latest contribution 
to this subject is to be found in a paper by Mr. Lau- 
rens Troost, on “The Pitch Distribution of Wake 
Adapted Marine Propellers,” read before the Ameri- 
can Society of Naval Architects and Marine Engi- 
neers. The paper is a theoretical one, and in it, the 
author continues the development of the ideas which 
he put forward in an earlier publication. The rela- 
tions between thrust deduction and wake factors are 
developed in terms of propeller loading, and it is 
shown how these relations can be integrated over 
the propeller radius to obtain a solution of the 
problem of the radial distribution of thrust deduc- 
tion, as a function of the radial wake distribution and 
propeller loading for propellers of minimum energy 
loss. The investigation shows that the pitch distribu- 
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tion for a wake-adapted screw may be given by 


1 1-—w! 
distribution which is in conformity with good prac- 
tice, and it may be used to improve the efficiency of 
screws designed from methodical series. 

In concluding this section on resistance and pro- 
pulsion, attention is drawn to research work carried 
out in Holland on the subject of model and ship trials 
in shallow water. This work was published in the 
form of a paper to the American Society of Naval 
Architects and Marine Engineers by Dr. J. D. van 
Manen and Professor W. P. A. van Lammeren, en- 
titled “Model and Ship Trials in Shallow Water.” The 
work has involved an exhaustive series of tests, in 
the towing tank, on the subject of wall and shallow- 
water effects. The wall-effect tests have employed the 
method of images, that is, two or more geometrically 
similar models have been towed abreast. The model 
experiments have been related to full-scale tests in 
the Rhine and in a lake. It has been possible, among 
other things, to divide the wall effect into two parts 
—one concerned with frictional resistance and the 
other affecting wave-making resistance. 


—1 ) . This equation givesa pitch 


STABILITY, OSCILLATIONS AND VIBRATION. 


In the field of stability, we are able to report an 
important paper given to the Institution of Naval 
Architects by Mr. H. E. Steel and entitled “The Prac- 
tical Approach to Stability of Ships.” Mr. Steel dis- 
cusses the historical aspect of stability, and he deals 
with various casualties which have been attributed to 
deficiency in stability. Another important aspect of 
the problem is that of capsizing during fire-fighting, 
while in port, and recommendations are given with 
a view to avoiding this occurrence, Concerning sta- 
bility criteria, the author states that the practice in 
passenger ships of allowing small metacentric height 
for the purpose of easy rolling in a seaway has now 
vanished. This has been brought about by the re- 
quirements of stability in the damaged condition. The 
fact that a ship must be stable after flooding necessi- 
tates a considerable margin of stability in the intact 
condition. Another factor which is important is that 
a considerable reduction in metacentric height can 
take place between departure and arrival conditions, 
because of the fact that fuel is burnt out at a low 
center of gravity in the ship. For home-trade and 
coasting vessels, Mr. Steel considers that the stability 
would be adequate if the righting lever GZ was ap- 
proximately lft. at 30 to 45 degrees inclination, asso- 
ciated with a metacentric height of about 18in. 

Another matter related to stability is the rolling 
and pitching of a ship, and a useful contribution to 
this problem has been made by Mr. D. E. Cartwright 
and Mr. L. J. Rydill in their paper on “The Rolling 
and Pitching of a Ship at Sea—a Direct Comparison 
between Calculated and Recorded Motions of a Ship 
in Sea Waves,” read before the Institution of Naval 
Architects. The motion of the R.R.S. Discovery II was 
recorded at sea, and, at the same time, records were 
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taken of the waves encountered by means of a ship- 
borne wave recorder. These observations were made 
when the ship was steaming at about 6% knots on a 
series of courses in long-crested waves. The method 
adopted for analyzing the results was by means of 
spectral analysis, using an automatic Fourier anal- 
yzer. The observed results are compared with theo- 
retical results, and it is noted that the observed re- 
sults are quite close to, and never far from, those 
derived from theory. The causes of most of the differ- 
ences are attributed to statistical variations, but there 
are some cases where this would not account for the 
difference. Such cases are pitching with waves near 
the beam and the response on either side of synchron- 
ism in rolling where there is a significant difference 
between theory and experiment. It is of interest to 
note that the comparison between the “simple” and 
“advanced” methods for calculating the ship’s re- 
sponse appears to show that the improvement with 
the latter, though real, is not very great, and prob- 
ably does not justify the extra labor involved. 

Another paper, delivered at the same time, gives 
an account of a ship-borne wave recorder, which has 
been used in the Discovery II. The principle of this 
wave recorder is that it measures the height of the 
wave relative to some fixed point on the ship’s hull 
and adds this to the height of the point relative to an 
imaginary reference surface, thus giving the height 
of the water surface independent of the position of 
the ship. The first of these quantities is measured by 
calculating the pressure on the hull of the ship; while 
the latter, which is more difficult to deal with, is de- 
termined by measuring the vertical component of ac- 
celeration, and integrating twice. An instrument of 
this type has now been in service for more than two 
years, and several thousands of records have been 
taken. 

Vibration in twin-screw turbine-driven ships has 
been considered by Mr. J. W. Ramsay in a paper to 
the Institution of Naval Architects, entitled “Aspects 
of Ship Vibration Induced by Twin Propellers.” The 
character of the vibration in these vessels depends 
partly on the magnitude and frequency of the forces 
imposed upon the hull by the propellers, according 
to their geometry and location, and partly upon the 
elastic properties of the hull structure. Vertical vi- 
bration is generated by harmonic-pressure forces on 
the underside of the hull, while mixed wake forces 
induce transverse vibration. It is believed that hull- 
pressure forces can be estimated with reasonable ac- 
curacy by means of model experiments and theoreti- 
cal analysis. The elastic response of the hull girder 
conforms to the principles upon which most methods 
of calculating hull frequency are based. It is believed 
that the first five or six natural frequencies of vertical 
flexural vibration can be calculated as accurately as 
the estimates of hull strength and entrained water 
allow. In the type of vessels being discussed, vibra- 
tion is only significant at the stern, and, in the absence 
of local flexibilities, will remain approximately con- 
stant at all speeds. 


MISCELLANEOUS TOPICS 


The ever-present problem of corrosion in the 
structures of ships has received attention during the 
past year. Mr. H. J. Adams and Mr. J. C. Hudson 
have discussed this subject at a joint meeting of the 
Institution of Naval Architects and Institute of Ma- 
rine Engineers. This paper contains a vast amount of 
data on this very important subject, and it has all the 
experience of Lloyd’s Register of Shipping behind it. 
We would refer those interested in this particular 
problem to the original paper—“The Corrosion of 
Cargo Ships and its Prevention”—which contains too 
many aspects of the subject for any brief survey to 
be made here. 

Another contribution to the corrosion problem has 
been made by Mr. R. P. Graham, Mr. F. E. Cook and 
Mr. H. S. Preiser in a paper to the American So- 
ciety of Naval Architects and Marine Engineers, en- 
titled “Cathodic Protection in the U.S. Navy; Re- 
search—Development—Design.” This is a very 
comprehensive discussion of this most important 
problem. Cathodic protection has received a great 
deal of attention in recent years and a large amount 
of research work has been carried out by the Bureau 
of Ships. It is expected, according to the outlines of 
this paper, that rapid strides in the improvement of 
materials and equipment will result in reliable per- 
formance with a minimum of normal operation and 
maintenance. It is believed that, in the future, catho- 
dic protection will become integral with ship design. 

The mechanization of fishing vessels has been dis- 
cussed by Mr. W. Lochridge in a paper to the Insti- 
tution of Engineers and Shipbuilders in Scotland. 
This paper, as indicated by its title (“Mechanization 
in Fishing Vessels”), describes the machinery used 
for processing fish in several modern types of fishing 
vessel, and an account is also given of mid-water 
trawling experiments. 

We make brief reference to a paper on a totally 
different subject, viz., the use of the analogue com- 
puter. Mr. J. R. Hunter in his paper on “Shipyard 
Use of the Analogue Computer,” to the Society of 
Naval Architects and Marine Engineers, describes 
how this instrument may be applied to the solution 
of the engineering problems encountered in ship- 
building, and he discusses the general considerations 
which should govern the type of instrument selected 
for shipyard purposes. Undoubtedly, an instrument 
of this type, when thoroughly understood, could be 
of great service to the ship design office, where long 
and complicated calculations are quite common. 

The British Shipbuilding Research Association 
have in hand further work on launching greases. This 
work is being carried out on models, and full-scale 
tests are also being made. The model tests are to be 
carried out at the Association’s laboratory at Sunder- 
land, the object being to determine the coefficient of 
starting friction for two greases. 

Finally, we may mention the progress of two de- 
velopments. The first is the Hydroconic system of 
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construction developed by Messrs. Burness, Kendall The second development is in the use of fiber-glass 
and Partners, Ltd. (now Burness, Corlett and Part- as a material of construction. The development in the 
ners, Ltd.). Trawlers have been built on this system, use of materials of this type for small boats has con- 
and tank tests have shown reasonably good results. tinued, and this is clearly a type of constructional 
Other craft built on this principle include the cargo material which may have great possibilities in the 
motorship Lachinedoc and the tug Sydney Cove. future. 


The French Navy has recently ordered a helicopter carrier. It is conjec- 
tured that the ship will be capable of the functions of a base for ASW 
helicopters, a command vessel, or a troop transport. The ship displaces 
about 10,000 tons with a length of 590 feet and a beam of 78!/, feet. Her 
speed is estimated at 26.5 knots. 


* * * * 


The phenomenal growth of tankers since the end of World War Il has 
incubated recent discussions of even more astounding prospects. In a 
paper read before the King's College Society of Naval Arctitects, Mr. 
A. |. Livas has discussed the possibility of a 500,000 DWT ship, having a 
length of 1545 feet and a beam of 200 feet. The proposer estimates that 
150,000 SHP would power such a ship at 24 knots. 
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STEAM TURBINES AND BOILERS 


Ree coming into service of the twin-screw turbine- 
driven passenger and cargo steamship Empress of 
Britain once more aroused great interest in the gas- 
reheated steam cycle, and in a paper presented to the 
Institute of Marine Engineers in November, Mr. A. 
W. Davis described the development of this installa- 
tion and quoted some service results. He also made a 
comparison with the performance of some earlier lin- 
ers of the same fleet, and briefly indicated the possible 
future development of reheating. It had been recog- 
nized that in the turbo-electric Beaver-class cargo 
vessels (built in 1946), the electrical transmission 
losses rather more than offset the gain due to reheat- 
ing and, early on in the design, it was decided to 
have a normal geared transmission, together with 
directly-reversible turbines. Because of the rejection 
of the non-reversible turbine and electric drive, the 
problem of providing an adequate protection for the 
reheating elements, during maneuvering, had to be 
faced. Damper control was not considered suitable, 
and it was decided to use a separately fired reheater 
and the fuel oil was arranged to pass through two 
spring-loaded valves, kept open by a steam supply in 
excess of 60 lb per sq. in., and connected, respectively, 
to the port and starboard h.p. turbine exhaust. Thus, 
shutting-down to stop or maneuver, on either en- 
gine, automatically put out the reheat boiler, if it had 
inadvertently been allowed to remain lit up. Com- 
bined steam isolating and by-pass valves were also 
arranged with a safety interlocking device, to en- 
sure that the by-pass valve is opened first when by- 
passing, and is shut last on opening-up the reheater 
to steam. 

By means of design studies, the most desirable 
steam conditions for the required 30,000 S.H.P. were 
indicated as 680 Ib per sq. in. at 850° F, with reheat 
to 850° F. The requirements for astern power largely 
influenced the boiler size and two main boilers of 


Foster Wheeler controlled-superheat type were in- 
stalled, each capable of a maximum output of 123,000 
Ib per hr.; whereas, under service steaming condi- 
tions, only 55 per cent of this output was required. 
The reheat boiler was designed to generate 58,000 Ib 
per hr. of superheated steam and to reheat 167,000 
lb per hr. from 610° F to 850° F. Auxiliary steam in 
port was provided by a Howden-Johnson boiler giv- 
ing about 15,000 lb per hr. of saturated steam at 200 
Ib per sq. in. At sea, saturated steam was taken from 
the main drums at 680 lb per sq. in. and passed 
through the coils of a steam-to-steam generator, capa- 
ble of supplying 12,000 Ib per hr. of steam at 125 Ib 
per sq. in. for fuel-oil heating, galleys, gland steam, 
evaporator, etc. Steam for the large air-conditioning 
units was bled-off from the main steam drums 
through an air-pressure controlled reducing valve. 

The main feed system comprised four extraction 
pumps, two sets of air ejectors, two gland-ejector con- 
densers, a drain cooler, a condensate circulated dis- 
tiller and one feed heater. Steam was bled from the 
tenth stage of the i-p. turbines for feed-heating and 
for air heating. Bled steam was also used for the 
evaporator, which was single-effect and capable of 
an output of 130 tons per day. There was an alterna- 
tive steam supply from the main boiler and from the 
auxiliary boiler. The sea-water supply to the evapo- 
rator was treated with ferric chloride, to prevent 
scale formation. 

During a special test run of 22 hours in good 
weather and with an hotel load less than normal, the 
all-purpose fuel-consumption rate was 0.537 Ib per 
S.H.P. per hr., and the propulsion-only fuel-consump- 
tion rate was 0.495 lb per S.H.P. per hr. This latter 
figure includes power for all auxiliaries necessary for 
the main machinery and steering. The hull was five 
to six months out of dock. The author examined rea- 
sons for the small differences between these figures 
and the design figures, and said that the intended 
economy had been achieved and, as a result of ex- 


A.S.N_E. Journal, August 1957. 473 


= 
B ” 
7 
lass ; 
the 
on- 
the 
4 
4 

4 

: 
{ 
| 
+ 

: 


MARINE ENGINEERING IN 1956 


“S.B. & M.E.B.” 


perience with the installation, further saving in fuel 
consumption could be effected in a later installation. 

The Babcock & Wilcox two-drum selectable super- 
heat boiler is proving to be a very flexible and at- 
tractive steam-raiser. The gases flow across the tube 
bank in two parallel paths, separated by a baffle divi- 
sion of chrome ore packed in between tubes, and then 
through a set of baffles, which are so interlocked that 
movement of one lever controls the relative flow 
along each path. One path consists solely of generat- 
ing tubes, and the other contains all the super-heating 
elements and some generator tubes, so that the de- 
gree of superheat can be controlled throughout the 
full designed range. The superheating elements can 
be protected during warming-up periods, and maxi- 
mum superheat temperature can be approached in a 
controlled manner. The boiler will supply full output 
at the lowest superheat temperature, and thus, astern 
turbines can be designed for an operating tempera- 
ture such as, say, 750° F. It can also supply both sat- 
urated steam and superheated steam in varying pro- 
portions. First developed for frigates of the Royal 
Navy, it has now been ordered by several British 
owners and its performance under Merchant Service 
conditions will be awaited with interest. 

With installations using advanced steam conditions 
and having a large auxiliary load, it is necessary to 
control, carefully, both the auxiliary exhaust pres- 
sure and the boiler-feed temperature, in order to 
maintain the efficiency of the whole plant while vary- 
ing the power and auxiliary steam-flow rates. Several 
vessels are now using pneumatically-operated control 
gear to maintain a steady back-pressure on turbine 
auxiliaries, while, at the same time, feed-heating is 
also controlled. Surplus exhaust steam is dumped into 
the main condenser, while, if the feed temperature 
drops, more steam for feed heating is drawn from 
either main engines or auxiliaries, or even, as a last 
resort, live steam from the boilers. 

The machinery of the trawler Braunschweig is at 
the other end of the scale in comparison with the 
Empress of Britain. A single turbine having optimum 
efficiency at 1,000 S.H.P. is coupled, through double- 
reduction gearing, to an Escher-Wyss four-blade con- 
trollable-pitch propeller. The stop-valve steam con- 
ditions are 395 lb per sq. in. at 770° F, and the turbine 
speed is 8,000 r.p.m.; the reduction gearing gives a 40 
to 1 reduction. An auxiliary turbine drives both a 
D.C. generator for the trawl winch and an A.C. alter- 
nator for the other auxiliaries and is in use while 
fishing; when the vessel is running free, electrical 
requirements are supplied by a 130-kVA. alternator, 
driven-off the propeller shaft and a stand-by Diesel 
alternator. The total specific fuel consumption (both 
main and auxiliary) is estimated to be 0.762 lb per 
S.H.P. per hr. 

The shutting-down of steam plant in order to deal 
with comparatively small leaks is often inconvenient. 
A thermo-setting compound has been developed 
which can be injected against pressure, say, down 
a leaking bolt or between the flanges of a leaking 
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joint. It hardens within a half-hour and is said to 
make a long lasting joint, and, in many circum- 
stances, it provides a satisfactory stop gap repair. 


DIESEL MACHINERY 


The symposium of four papers on “Recent Develop- 
ments in Marine Diesels,” presented to the Institute 
of Marine Engineers, was of outstanding excellence; 
the separate papers were entitled as follows: — 

“Turbo-charging of Burmeister and Wain Opposed 
Piston and Poppet-valve Engines,” by Mr. H. Car- 
stensen; 

“Recent Developments in Marine Diesels (the 
Doxford Engine) ,” by Mr. P. Jackson; 

“Some Aspects Concerning the Supercharging of 
Existing Two-stroke Marine Diesel Engines,” by Mr. 
W. Kilchenmann; and 

“Two-stroke Marine Diesel Engines with Uniflow 
Scavenging and Constant Gas-pressure Turbo- 
charging,” by Mr. F. G. Van Asperen, and Ir. H. 
Schultheiss. 

All of the authors dealt with the problems of de- 
sign and operation associated with turbo-charging 
two-stroke cycle engines and Mr. Kilchenmann gave 
a particularly full treatment of the problems, cover- 
ing the pulse and constant-pressure systems, on the 
turbine side, together with parallel and series opera- 
tion of a mechanically-driven scavenge pump. 

Mr. F. G. Van Asperen voiced the generally agreed 
opinion that, as regards the pressure-charging sys- 
tem, no direct conclusion had been reached as to 
whether the pulse or the constant gas-pressure sys- 
tem would be preferred at higher-charging pressures. 
His own preference was for the constant-pressure 
system, whereas Mr. Kilchenmann preferred the 
pulse system. 

In addition to the development of turbo-charging 
the Doxford engine, Mr. Jackson dealt with the de- 
velopment of a new injection system, where a crank- 
driven pump discharges fuel into an accumulator 
bottle at 6,000 to 7,000 lb per sq. in. and a small timing 
valve, operated by a cam, is lifted to permit the fuel 
to be sprayed by means of a typical jerk-pump fuel 
injector. There are a separate pump plunger, accum- 
ulator and timing valve for each cylinder—the meter- 
ing of the fuel being done by the fuel pump and, as 
its name implies, the timing being controlled by the 
cam-operated valve. The system is small and com- 
pact, and operates with little noise. It has been found 
that the cam toe can be phased symmetrically rela- 
tive to the inner dead-center of the engine, so that it 
will operate equally well in the ahead or the astern 
direction, without alteration. Thus, a new starting 
system was developed, so that the direction of rota- 
tion was governed by the position of the starting 
lever, which controis the order in which air is dis- 
tributed to the cylinder. The symposium concludes 
with a comprehensive bibliography of articles on two- 
stroke turbo-charged marine Diesel-engine types. 

A range of turbo-chargers, each consisting of a 
single-stage centrifugal compressor and single-stage 
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axial-flow exhaust-gas turbine, mounted on the same 
shaft, have been developed by the Brush Electrical 
Engineering Co., Ltd. Two types are already in pro- 
duction, one giving a gauge boost at sea-level of 9 lb 
per sq. in., and the other giving 15 lb per sq. in. Plain 
bearings are used, and the lubrication of the pres- 
sure-fed recirculating type is self-contained, making 
the unit mechanically independent of the engine. The 
turbine inlet is designed for a temperature of 1,200° 
F, there being arrangements incorporated to allow 
for differential expansion, Diagrams and perform- 
ance curves were given in Gas and Oil Power for 
July, 1956. 

The Fiat Company now join the ranks of those who 
have successfully developed a supercharged large 
two-stroke cycle engine with transverse scavenging. 
Turbo-blowers and engine-driven pumps were used 
together, both in series and parallel. Despite the 
greater simplicity of construction of the parallel ar- 
rangement, its less satisfactory behavior at low speed 
(due to the blower operating below its delivery 
speed) has led to the adoption of series arrangement 
of piston pumps and blowers. 

Before the Second World War, the chief emphasis 
was on fuel economy for main machinery and, to a 
lesser degree, on weight and space occupied; but with 
changing economic conditions, the relative impor- 
tance of fuel economy has been reduced, while the 
importance of maintenance costs continued to mount. 
High rates of cylinder wear contribute, to a large ex- 
tent, to the maintenance costs of low-speed marine 
Diesel engines, and it is, therefore, unfortunate that 
the use of heavy fuel oil has often resulted in high 
rates of cylinder wear. This aspect was dealt with by 
Mr. M. J. van der Zijden and Mr. A. A. Kelly, in their 
paper on “Combating Cylinder Wear and Fouling in 
Large Low-speed Diesel Engines,” read before the 
Institute of Marine Engineers early last year. It was 
pointed out that careful cleaning of the heavy fuel 
oil, while being essential, did not provide the whole 
solution; furthermore, experience has shown that the 
use of heavy duty oils for cylinder lubrication, while 
extremely efficacious for medium and high-speed en- 
gines, cannot sufficiently reduce the high rates of 
liner wear of slow-speed Diesel engines. An intensive 
study of the problem at the Shell laboratories showed 
that the need for having wear-reducing and anti- 
fouling additives, soluble in oil, severely limited the 
choice of possible additives. By breaking with this 
requirement and using water-soluble additives, to be 
carried by the oil in emulsification, it was found that 
much more effective wear-reducing lubricant could 
be obtained. The final outcome was an emulsion in 
which the waterphase is dispersed in the oil, having 
a viscosity of 1,100 secs. Redwood No. 1 at 100° F 
(bringing it into the S.A.E. 50 class) , together with a 
stability of over 12 months at 95° F. Apart from lab- 
oratory tests, service results from many thousands of 
hours running with a wide range of engines (includ- 
ing Burmeister & Wain, Doxford, Fiat, M.A.N., Sulzer 
and Werkspoor) burning oil ranging from Diesel fuel 


to oil of 3,500 secs., bunkered at the normal stations, 
have shown very considerable reductions of rates of 
wear, relative to the rates obtained with conven- 
tional lubricants. Comparison of the service results 
was effected by lubricating some cylinders with the 
emulsion lubricant, and some with the oil normally 
used. Marked improvements were also found in the 
cleanliness of pistons, cylinders and piston rods. 

In any given engine, the quality of the combustion 
is largely controlled by the condition of the injector, 
and, to assist in examining this vital part, an instru- 
ment has been developed by Engineering Develop- 
ment (England), Ltd. It consists primarily of a thin 
probe with inset illumination and a viewing lens giv- 
ing a 4 times magnification by means of which the 
seating and bores of fuel injectors can be examined. 

An article in The Engineers’ Digest for March, 
1956, advocated the use of aluminum-bronze piston 
rings for small compression-ignition engines. A suit- 
able heat-treatment develops a high natural corro- 
sion and erosion resistance, and the material is read- 
ily chromium-plated, if desired. They can be carried 
directly in the piston ring grooves in aluminum-alloy 
pistons, but will require to be mounted on an alumi- 
num carrier ring if used with cast-steel pistons. Tests 
using sulphur-rich fuel, and other fuels producing 
acid deposits, resulted in rates of wear little in excess 
of those obtained with higher-grade fuels. The ma- 
terial is also suitable for use as rings in compressors 
and pumps handling a variety of corrosive gases and 
liquids. 

Two valuable papers on crankcase explosions were 
read before the Institution of Mechanical Engineers 
in April 1956; one, “An Investigation into Some Fact- 
ors Governing the Selection of Protective Devices,” 
by Mr. H. G. Freeston, Mr. J. D. Roberts and Mr. A. 
Thomas, and the other, “Development of New Pro- 
tective Devices,” by Mr. W. P. Mansfield. The first 
mentioned paper deals with experimental work car- 
ried out in order to investigate the margin of safety 
provided by particular types of warning device. The 
direct detection of overheating appeared to offer 
greatest protection, but there was great difficulty in 
ensuring adequate surveillance of temperature in all 
parts of the crankcase. Photo-electric detection gave 
complete protection from explosions due to oil mists, 
but only gave an indirect sign of the presence of 
crankcase spray; but, as the conditions controlling 
transition from spray to mist are not yet fully known, 
more work requires to be done in this direction. In 
particular, more information is needed concerning 
the temperatures at which mists begin to form. 

In the second paper, tests were reported of a crank- 
case-explosion relief valve, 6 in. in diameter and pro- 
vided with external wire-gauze flame traps. The tests 
showed such flame traps to be ineffective when se- 
vere explosions were made with mixtures of air and 
town gas, but it was found that coating the wire gauze 
with lubricating oil greatly increased the effective- 
ness of the flame trap. An internal, oil-wetted flame 
trap of less than half the original size was fully effec- 
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tive with the most severe explosion that could be 
produced. An oil-wetted flame trap, covering an aper- 
ture in a dividing partition of a cylindrical explosion 
vessel, fully charged (on both sides of the aperture) 
with gas-air mixture, was found to limit combustion 
to the side of the partition on which it was ignited, 
and the maximum pressure, under such conditions, 
was reduced to about one-quarter of that reached 
without the partition flame trap. The outrush of hot 
gases past an oil-wetted gauze produced an oil mist, 
which did not ignite even when a Bunsen burner and 
a blowlamp were used as possible sources of igni- 
tion. Internal oil-wetted relief-valve flame traps and 
partition flame traps were successfully tested on a 
three-cylinder engine of 9-in. bore, and, from the 
results, the requirements of a large engine are esti- 
mated. The author concludes that the use of the two 
new devices can provide adequate protection at an 
acceptable cost. 

An interesting group of three papers, presented at 
the summer meeting of the Society of Automotive 
Engineers, dealt with cavitation erosion of the water- 
side of Diesel-engine cylinder liners. This is a fault 
that has been repeatedly observed during rigorous 
testing of Diesel engines, more particularly of the 
high-speed type, and it results in a pitted, honeycomb 
appearance in which no corrosion products can be 
detected, although it is often closely related to cor- 
rosion effects. The effect is less severe with an inhi- 
bited coolant, and the use of harder and more resist- 
ant liner material, or the chromium plating of the 
surface exposed to the coolant, are all found to im- 
prove the resistance to erosion. For any particular 
coolant and liner material, the rate of pitting is pri- 
marily affected by the amplitude of vibration of the 
liner wall. A very satisfactory method of testing the 
resistance of different materials to cavitation erosion 
can be carried out with a magneto-striction appara- 
tus, by means of which the test-piece is subjected to 
high rates of vibration with controllable amplitude. 
The cavitation effect is so greatly accelerated that 
factors such as galvanic action and minor variations 
in the immersing fluid have practically no significant 
effect on the amount of damage. The rate of loss of 
weight increases rapidly with increasing amplitude of 
vibration. It was even demonstrated that damage due 
to cavitation erosion can be produced on a stationary 
surface separated by a liquid medium from a vibrat- 
ing surface. Damage, if present, is usually exhibited 
with maximum intensity, on the thrust side, and it 
is considered that certain resonant vibrations are in- 
duced in the liner by firing impulses and piston slap. 

On one particular series of engines, the amplitude 
of vibration measured at the point of attack was 
0.006-in. Use of a two-piece heavy wall liner, together 
with the reduction, by 20 per cent, of the cold skirt 
clearance, reduced the amplitude to less than 0.001-in. 
Experiment showed that control of piston clearance 
was the most effective method of reducing cavitation 
pitting on liners. The engine makers finally developed 
a cam-ground piston, which provided reduced clear- 
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ance in the plane of thrust; stroboscopic observation 
demonstrated that cavitation bubble formation was 
much more slow with the cam-ground piston than 
with the standard piston. 


Some recent developments in metal coating have 
been applied to coating aluminum on steel, to pro- 
vide protection against high-temperature oxidation. 
One method, employed for protecting internal-com- 
bustion engine valves, consists of heating, fluxing and 
dipping the valve head in commercially-pure molten 
aluminum, followed by an air-blast to remove all ex- 
cess molten metal. A valve thus treated is said to 
have two to three times the life of an untreated valve 
of the same material. 

One of the largest D.C. Diesel-electric installations 
has been built into the U.S. ice-breaker Glacier. The 
vessel has twin screws, each of which is driven by a 
D.C. motor continuously rated at 8,450 S.H.P. at 120 
r.p.m., with a four-hour overload output of 10,500 
S.H.P. at 175 r.p.m. Ten sets of Fairbanks-Morse 12- 
cylinder, opposed-piston Diesel generators are in- 
stalled, each having a continuous rating of 1,340 kW. 
(837 volts, 1,600 amp.) at 720 r.p.m. and the necessary 
four-hour overload capacity of 1,700 kW., (900 volts, 
1,890 amp.) at 810 r.p.m. Complete wheelhouse con- 
trol of the propulsion motors is provided. Auxiliary 
electrical requirements are met by four 300-kW. 
Diesel generators, together with a 200-kW. emer- 
gency generator set. The deck machinery, especially 
designed for use in Arctic conditions, is hydraulically- 
operated throughout. 

The motor vessel Orpheus, a tramp ship of ad- 
vanced design, is to be capable of a service speed of 
16 knots. The vessel is powered by a Sulzer, type- 
7RSD70, seven-cylinder engine, capable of develop- 
ing 7,000 S.H.P. at 119 r.p.m. The engine is arranged 
so that, at a later date, it can be converted to use ex- 
haust turbo-charging, which will increase the power 
and speed to 9,100 S.H.P. and 17 knots, respectively. 


GAS TURBINES 

As previously reported, the Shell tanker Auris is 
being refitted at Birkenhead, where the gas turbine 
and Diesel-electric drive are being replaced with a 
larger gas-turbine installation, coupled to the pro- 
peller by mechanical gearing. Meanwhile, the Ameri- 
can ship John Sergeant has also crossed the Atlantic, 
powered solely by gas-turbine machinery, at an aver- 
age speed of 16.81 knots and with a specific fuel con- 
sumption of 0.5 lb per S.H.P.-hr. using distillate fuel. 
A controllable-pitch propeller is used and the re- 
versed torque necessary for maneuvering is provided 
by this means. The conversion of the John Sergeant is 
quoted as costing over 1 million pounds. The future 
performance of these two vessels will be awaited with 
great interest, and they will considerably influence 
the future trend of main-propulsion gas turbines. 

The gas turbine has already established itself in 
the range of 1,000 kW. as a prime mover for electri- 
cal generators, and mention must be made of the Rus- 
ton & Hornsby turbine, the remarkable success of 
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which is a tribute to its designers and builders. 

It is accepted that, as yet, the gas turbine cannot 
equal the thermal efficiency of the Diesel engine, but 
it can win its place among prime movers by virtue 
of its natural advantages of lightness, freedom from 
vibration and reliability when designed with suitable 
restraint. 

The advantage of lightness is of especial importance 
in naval craft and recent tests (reported at the Gas- 
turbine Power Conference of the American Society 
of Mechanical Engineers held in Washington last 
April) with an internally-fired semi-closed cycle gas 
turbine, built by the Westinghouse Electric Corpora- 
tion, for the U. S. Navy, confirmed that such plants 
are particularly suitable for destroyer propulsion be- 
cause of (a) sensibly constant efficiency over a wide 
load range, (b) low air consumption, (c) low space 
and weight requirements, and (d) ease of control. 

The efficiency of the regenerative gas-turbine cycle 
depends on the performance of the heat-exchanger, 
and, given a satisfactory sealing device, the rotary 
heat-exchanger combines high thermal ratio with 
compactness and low cost. At the 1956 Gas-turbine 
Power Conference, Mr. W. E. Hammond and Mr. T. 
C. Evans presented a paper in which they described 
a new form of seal for use with rotary heat-exchang- 
ers and suitable for use with plant up to 3,000 H.P. 

The United States Federal Maritime Administra- 
tion is, in effect, providing Government-sponsored 
research for the United States shipping industry and, 
besides the John Sergeant, three standard war-time 
ships are being refitted with more modern machin- 
ery; one with high-performance steam turbines, an- 
other with geared Diesel engines, and the third with 
free-piston gas generators. This last-mentioned type 
of machinery has considerable support and popularity 
in the United States, as well as in other countries, 
where it is used as a prime mover for the generation 
of electrical power. In Britain, Smith’s Dock Co., Ltd., 
at their South Bank works, have commenced the 
manufacture of the S.I.G.M.A., type-GS.34, gasifiers, 
under licence from Messrs. Alan Muntz & Co., Ltd. 
The test-bed is particularly well-equipped, and pre- 
liminary testing work has been carried out on gasi- 
fiers. Design studies of free-piston installations have 
been made for several types of merchant ship, includ- 
ing a whale-catcher, in which it is proposed to replace 
a 1,800-S.H.P., four-cylinder, triple expansion steam 
engine by a 2,000-S.H.P. free-piston installation. For 
such a power, it is proposed to use two G.S.34 gasi- 
fiers, exhausting to a single, six-stage, impulse-type 
non-reversing gas turbine, to be coupled to a con- 
trollable-pitch propeller through double reduction 
gearing. Two alternative admission points will be 
provided on the turbine, to enable its consumption to 
be matched with the gas flow from either one or two 
gasifiers, so that efficient working will be obtained 
over a wide power range. With one gasifier generat- 
ing at an economical load of 60 per cent, the catcher’s 
speed will be 12 knots; full output from one gasifier 
will give 1334 knots, and full output from two gasi- 


fiers is expected to give a speed of 15% knots. In com- 
parison with the original plant, a reduction in fuel 
consumption of about 40 per cent is expected 
throughout the foregoing load range, in addition to 
which the machinery weight shows a reduction of 
20 per cent, while there will be made available a 
considerable space above the main-deck level, which 
is at present occupied by the machinery casing. Either 
marine Diesel oil or fuel oil, up to a viscosity of 1,500 
secs. Redwood No. 1, at 100° F, can be used. 

There are many attractive features about this type 
of gas-turbine installation. The turbine itself will be 
working at comparatively orthodox gas temperatures 
(about 800° F), and it can be comparatively simple 
and rugged in design, with 100 per cent reliability and 
accessibility. The free piston gas generators have ex- 
cellent accessibility, and as they are, mechanically, 
completely divorced from the shafting, a spare gasi- 
fier set can be carried as a safeguard during the early 
stages of development. Maintenance and spares re- 
quirements are more simple than for the correspond- 
ing Diesel reciprocator, and furthermore, as the gasi- 
fier sets are standardized, a spare set from an early 
installation, if found to be an unnecessary precau- 
tion, could be used as part of a later installation. The 
benefits of standardization and the ease with which 
gasifiers could be removed and replaced by shore re- 
conditioned sets, if necessary, are very attractive. 

The ultimate success of this type of machinery will 
depend on the degree of reliability experienced when 
using residual fuels. In common with the orthodox 
gas turbine, it cannot, as yet, compete with the Diesel 
engine on a basis of fuel consumption, and it will have 
to be seen if it can win a place for itself on account 
of greater reliability and lower cost of maintenance, 
including reduced lost earning time incurred by en- 
forced port repairs. 

NUCLEAR POWER 


The symposium of papers on “Nuclear Energy,” 
read before the Institution of Mechanical Engineers, 
is a most valuable addition to the published literature 
on this subject. The paper on “Nuclear Reactors for 
Power Generation,” by Mr. B. L. Goodlet, serves as 
an introduction to the problems encountered in the 
design of nuclear reactors for power generation. Part 
I. specifies problems of reactor technology under the 
headings of reactor physics, reactor materials, radia- 
tion and radio-activity, and engineering design. Part 
II. illustrates the development of various reactor 
types by the application of reactor theory and tech- 
nology. Part III. deals with the operation of nuclear- 
power plant. An appendix summarizes reactor phys- 
ics in terms familiar to engineers. 

“Shielding against Nuclear Radiation” was dealt 
with in a paper by Mr. C. E. Iliffe. The physical 
sources and interaction of the various radiations, 
which have to be dealt with in nuclear reactors, are 
explained and manners of shielding are described. 
The paper concludes with a discussion of heat gen- 
eration in shields and of likely future developments. 

Professor J. Diamond and Mr. W. B. Hall presented 
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a paper on “Heat Removal from Nuclear Power Re- 
actors.” The influence is discussed, of the physical 
characteristics of the coolant and of the extended 
surfaces of the fuel elements on the maximum coolant 
temperatures and on pumping-power losses for a 
given rate of heat removal, and gaseous and liquid 
coolants are compared. Simple methods are suggested 
for an initial analysis of the heat-transfer aspect of a 
reactor cooling problem; an appendix gives an illus- 
tration using an example of gas cooling. 

The subject of “Steam Cycles and Nuclear-Power 
Plant” was dealt with by Mr. R. E. Zoller, B.Sc. 
(Eng.). In his paper, he discusses the use of water, 
gases and liquid metals, as coolants, and correspond- 
ing suitable single and multi-pressure steam cycles 
for various reactor systems. Where the power con- 
sumption of the coolant circulating system is appre- 
ciable, the selection of the optimum operating condi- 
tion is illustrated. Methods of avoiding excessive 
moisture in the turbine exhaust are suggested. For 
reactor power plants limited to low coolant tempera- 
tures, the use of separately-fired superheaters is rec- 
ommended as being worthy of consideration, on 
account of the high utilization efficiency of the fuel 
oil and the low overall capital cost of the resulting 
additional power output. 

A “Survey of Atomic Power for Marine Propul- 
sion” is published in the Bulletin of the American 
Society of Naval Architects and Marine Engineers, 
the author being Mr. D. F. Tackett. A comprehensive 
summary is given of the principles of reactor theory 
and technology, followed by a discussion of reactor 
kinetics, control, and materials, including fuels, mod- 
erators, reflectors, coolants, control rods, cladding and 
shielding materials. The author discusses two particu- 
lar reactor systems, in.order to point out some of the 
features that may be included in a marine power 
plant. The first system is a gas-cooled heterogeneous 
reactor with the coolant directly driving a gas turbine 
of the closed-cycle type. Control is accomplished 
comparatively easily, by varying the coolant gas pres- 
sure, but because the coolant is a gas, rates of heat 
transfer are comparatively limited, and the reactor 
cannot be very “fast”; consequently, the limiting 
minimum size is comparatively big, with correspond- 
ingly heavy weight of shielding material. The most 
suitable coolant is helium, and carbon dioxide is a 
possibility. The second system discussed is a homog- 
enous liquid-fuel reactor, in which the liquid fuel 
circulates through the reactor and carries the heat 
out with it. The liquid fuel can either transfer its heat 
directly to the steam generator, or it can do so via an 
intermediate liquid-metal circuit. In either case, be- 
cause of the possible high rates of heat transfer, an 
enriched fuel can be used, with consequent diminu- 
tion of the reactor size and weight of shielding ma- 
terial. 

In an article in Marine Engineering (January and 
February, 1956) entitled “Nuclear Power for Mer- 
chant Ships,” the authors—Mr. C. H. Johnson and 
Mr. P. V. Johnson—state that they consider the en- 
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riched fuel required for use in medium and fast 
reactors is too expensive for use in merchant ships, 
and they proceed to consider the heterogeneous 
reactor as the most likely to be economically attrac- 
tive. They describe, in some detail, heterogenous 
reactors using pressurized-water cooling, liquid- 
cooling, the dual-cycle boiling water and closed-cycle 
boiling water. The closed-cycle boiling water reactor 
is considered to be, at present, the most attractive 
marine proposition, where saturated steam from the 
reactor condenses in a shell and tube heat-exchanger, 
and generates steam for use in the turbines. The 
principal advantages of this system over the boiling- 
water dual-cycle reactor are (a) a possible reduction 
in the amount of secondary shielding, (b) access to 
the turbines and other secondary-circuit equipment 
not restricted by radio-activity, and (c) the secondary 
steam can be superheated in a separately-fitted super- 
heater. The advantages over the pressurized-water 
reactor plant are claimed as (a) absence of pumps or 
valves in the primary loop, (b) lower pressure in the 
primary loop for a given secondary steam tempera- 
ture, (c) constant secondary steam pressure over the 
load range, and (d) substantial reduction in cost of 
generated steam. 

To obtain high efficiencies from gas or steam tur- 
bines, the temperature within the reactor will have 
to be of the order of 1,400° F, unless some external 
source of topping-up heat is to be used. The crux of 
reactor design is the development of fuel elements to 
operate at such temperatures, and to be stable against 
thermal stress and against severe radiation damage. 
The main burden of development still falls on the 
metallurgist and on prolonged testing of experimen- 
tal fuel elements in the materials-testing reactors now 
available at various centers. 

It appears to be the general opinion that, for marine 
propulsion, the ultimately preferred cycle will be the 
gas-cooled reactor, coupled to a closed-cycle gas tur- 
bine, whereas, at present, the only suitable cycle 
would be based on one of the water-cooled reactors 
coupled to a steam turbine. 

The obvious choice for the first nuclear-powered 
merchant ship is a tanker of 40,000 tons or more, 
primarily because of the high utilization which is 
possible—a tanker spends 80 per cent of its life at 
sea, and even when in port, the steam demand for 
pumping may be as high as 40 per cent full power. 
There is a difference of opinion as to how soon it will 
be possible for a tanker so equipped to compete with 
conventionally powered vessels. The United States 
Maritime Commission forecasts that it will be pos- 
sible within five or six years, and they recommended 
that the construction of experimental vessels should 
be started as soon as possible, so that the experience 
gained could be applied to the large building program 
which is anticipated in the early 1960’s. Other fore- 
casts are not so optimistic and see the fabrication and 
cladding material costs preventing the successful 
commercial competition of marine nuclear power 
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plants for a considerably longer period than five or 
six years. 

It is learned that the United States Government 
has decided to go ahead immediately with the con- 
struction of a merchant ship to be powered by a pres- 
surized-water reactor and driven by steam turbines. 

An experimental reactor, organic moderated 
reactor experiment (O.M.R.E.), of about 16,000-kW. 
heat output, is being built for the U.S. Atomic Energy 
Commission, in which an organic compound, diph- 
enyl, serves both as moderator and coolant. The high 
hydrogen content of diphenyl makes it an excellent 
moderator, and its relatively high boiling point al- 
lows serviceable temperatures to be used in the heat- 
transfer system, without the use of high pressures. 
Further advantages are expected because (a) it only 
becomes slightly reactive on exposure to nuclear 
radiation, (b) it does not react readily with uranium, 
and (c) it has practically no corrosive effect on 
standard materials of construction. 

Yet another means of water moderating and cool- 
ing a reactor is discussed by Mr. C. F. Leyse in 
Nucleonics of July, 1956. In the ordinary boiling-wa- 
ter moderated reactor, the core is completely sub- 
merged in water and the usual method of control is 
by means of absorption rods. But it has been demon- 
strated that reactivity can be controlled by varying 
the water-level and only partially immersing the 
core, so that variation in the feed-water rate can be 
used to control the reactor, and control rods are not 
needed. Such a reactor is named an automatic boiling 
column reactor (A.B.C. reactor). The potential ad- 
vantages of such a reactor, compared with the ordi- 
nary boiling-water type, are summarized as greater 
simplicity of control, better load response, high fuel 
burn-up, and less sensitivity to loss of reactivity, due 
to poisoning by the release of xenon gas. 

The problem of containment of radio-active ma- 
terial in the event of damage, particularly when in 
port or congested waters, is of fundamental impor- 
tance in marine nuclear application. A paper on 
“Some Safety Considerations of Nuclear-Power 
Reactors” was presented by Mr. C. D. Boadle to the 
Joint Nuclear Marine Propulsion Panel in Novem- 
ber last, and deals with methods of control of some 
of the operational hazards. The absoluteness of the 
requirement that in no circumstance whatever shall 
radio-active material be discharged from a reactor, 
imposes an unusually severe demand on the designer, 
which is naturally reflected in the conservatism of 
early designs. Safety precautions are not only con- 
cerned with preventing the release of radio-active 
material, but are also concerned with preventing 
mishaps to the reactor core or other radio-active parts, 
which cannot be made good by the normal shielded 
machinery used for changing core components. In a 
ship, such a mishap would result in loosing motive 
power. Nuclear reactors exhibit many characteristics 
which are quite unlike those of other power pro- 
ducers, and the author indicates them. Some provide 
valuable self-regulating features, while others pro- 


vide the means of rapid power surges, capable of 
causing serious damage unless controlled by a moni- 
toring and control system. For many types of reactor, 
the final guarantee against discharge of radio-active 
maiterial, following an accident, must be provided by 
complete containment in a gastight shell. In collision 
or stranding, there is even danger of rupture of such 
a shell, so that great interest centers on possible fu- 
ture systems employing continuously processed 
liquid fuels. Such a system will offer a substantial 
reward in terms of safety, as it will provide a method 
of dispensing with the need for the large amounts of 
inbuilt reactivity, which are in practically all present- 
day reactors, and which form the greatest hazard. 


GEARING 


In the highly competitive field of bulk-carrying, 
the demand for large powers on single shafts has led 
to the design and manufacture of large and more 
heavily-loaded double-reduction gearing for use in 
connection with steam turbines. In the past 15 years, 
considerable advances have been made in gear- 
cutting accuracy. Nevertheless, troubles and failures 
of various kinds continue to occur, and Mr. S. Archer, 
in his paper entitled “Some Teething Troubles in 
Post-war Reduction Gears” (read before the Institute 
of Marine Engineers in September, 1956) , deals with 
this matter. The paper draws attention to a number 
of typical gearing troubles, which have been experi- 
enced over the past 10 years, and, where possible, 
suggests probable causes and precautions for their 
avoidance. Statistics of gearing troubles investigated 
during a recent two-year period are tabulated and 
analyzed. 

At the same meeting, Mr. W. H. Darlington pres- 
ented his paper on “Some Considerations of Wear in 
Marine Gearing,” in which he dealt with the design, 
manufacture and operation of three sets of double- 
reduction gears, installed in the vessels, Nestor, 
Neleus and Theseus. All three sets were shaved 
throughout, and one was fitted with hardened and 
ground pinions with a soft main wheel. This latter set 
suffered no wear, but the other two sets had a tran- 
sient wear problem, which cured itself on continued 
running. The wear was unusual in that it occured be- 
tween the second-reduction pinions and main wheel 
(while the first-reduction elements were unaffected, 
although material and method of lubrication were 
common to both), and it was confined to the dedenda 
of both mating teeth with no sign on either adenda. 
Detritus from the wear process, collected in the mag- 
netic filter, was in the form of dust and flakes, rather 
than pyramidal pieces due to pitting, or lumps due to 
scuffing. No complete explanation of all the unusual 
features is arrived at, but the author makes a strong 
plea for a proper “running in” treatment, particularly 
for highly-loaded gears which are not hardened or 
ground. 

The Thomas Lowe Gray Lecture before the Insti- 
tution of Mechanical Engineers, last year, was pres- 
ented by Mr. A. W. Davis on the subject of “Marine 
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Reduction Gearing.” Attention is first drawn to the 
essential requirements of gear design, and to prac- 
tical features of machining and finishing of gear 
teeth. Requirements for the production and mainte- 
nance of good alignment are discussed and followed 
by considerations arising from pinion distortion. It is 
suggested that small face-width ratios, coupled with 
high loading, induce unnecessary sensitivity to bear- 
ing misalignment. Work carried out by the Parsons 
and Marine Engineering Turbine Research and De- 
velopment Association (Pametrada) has led to the 
development of a smaller length-to-diameter ratio on 
high-speed bearings, which is welcomed, but the 
tendency to reduce diametral clearance is not fav- 
ored. The selection of materials is still open to choice, 
and it is considered that the mating characterisics 
of alloy-steel gear elements require considerable fur- 
ther study. Case-hardening, followed by grinding, has 
proved very successful for small gears, but a similar 
development in marine gearing is greatly handi- 
capped by the difficulty of case-hardening a large rim, 
without such growth and distortion as to render sub- 
sequent profile grinding a lengthy and costly opera- 
tion. Nitriding or induction hardening may prove to 
be more economical for these big gears. 

A new dual-purpose machine for hobbing and 
shaving large turbine gears has been developed by 
the machine tool division of the David Brown In- 
dustries, Ltd. Four sizes are being manufactured, 
capable of producing gears of from 60 to 175 in. in 
diameter, and pinions and first-reduction wheels, of 
from 6 to 60 in. in diameter. 


AUXILIARY MACHINERY 

There has been developed by the Siemens-Schuc- 
kert Company a 3-ton A.C. cargo winch, in which the 
simplicity and robustness of the simple A.C. squirrel- 
cage motor is largely retained, and hoisting and lower- 
ing characteristics, comparable with those of a stand- 
ard 3-ton D.C. winch, are achieved. The Siemens 
winch has two squirrel-cage motors on a common 
shaft, together with three stator windings, which have 
four, eight and 32 poles, respectively. The same firm 
has also developed A.C. anchor and warping cap- 
stans, and an A.C. “constant-voltage” generator. This 
latter machine has an excitation current made up of 
two superimposed components, one dependent on the 
load and the other independent. The effect of this ar- 
rangement is to reduce the generator voltage fluctua- 
tions that tend to occur when squirrel-cage motors 
are switched directly on line. 

It is now over 3% years since two single-speed 
squirrel-cage A.C. winches were fitted in the Brockle- 
bank vessel Maskeliya. The main switch is a triple- 
pole contactor, and the motor can be immediately 
reversed without delay or damage. There have been 
no reports of damage to cargo by snatching, which 
may be due to the D.C. automatic, magnetically-re- 
leased disc brake which is fitted. The design duty is 
3 tons at 130 ft. per min. in low gear and 1% tons at 
260 ft. per min. in high gear. 
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An analysis has been published of the performance 
of the three-phase A.C. electrical-supply system of 
the Cap Blanco during a round voyage between Eu- 
rope and South America. On the outward passage, 
the cargo was of a general character, while on return, 
a bulk cargo and a considerable quantity of refrig- 
erated cargo were carried; so that the performance at 
sea was tested, both with and without the refrigerated 
load, as well as the operation of the winches with va- 
rious types of cargo. The current, voltage and power 
output of the generators were continuously recorded. 
The most severe demands were made when handling 
the bulk cargo, and it was noted that, with a basic 
load of 100 k.W., the rated output of one generator 
(240 kW.) was only reached, or exceeded, when all 
14 winches were simultaneously in operation. The 
rated output of two generators (480 kW.) was never 
exceeded. The observed voltage fluctuations were 
stated not to exceed the values found for winch op- 
eration with D.C. systems. At low-rope speeds, the 
A.C. winch requires only a small current, whereas 
the D.C. winch, with series and parallel resistances, 
draws full power from the generator at the first step. 
The required generator output, therefore, is no 
higher than for a D.C. system. 


MAINTENANCE AND REPAIR 

“Some Aspects of the Application of Planned 
Maintenance to Marine Engineering” was the subject 
of a paper presented to the Institute of Marine Engi- 
neers, in December, 1956, by Mr. W. H. Falconer. For 
ships’ machinery, as in all other applications of 
planned maintenance, the fundamental requirement 
is the elimination, so far as humanly possible, of the 
risks of a breakdown during service, and the aim is 
the improvement of reliability and an overall reduc- 
tion of costs. The attainment of such aims can well 
repay, considerably, the trouble and expense of the 
necessary record keeping. In the words of the au- 
thor’s own summary: — 

“The approach to the resolution of engineering 
problems is continually undergoing changes. Modern 
marine machinery requires not so much the ‘improv- 
isation’ approach as that of ‘renewal,’ in order to en- 
gender that high degree of reliability which planned 
maintenance sets out to provide. Guaranteed avail- 
ability cannot be obtained simply by providing much 
more highly-rated machinery than normal service re- 
quires. A simple example of planned maintenance is 
in recording the rates of liner wear in Diesel engines. 
If carried out systematically (and, preferably, by the 
same person), the impact of extensive renewals at 
one overhaul is avoided, together with the engineer- 
ing hazards of running on excessively worn liners.” 

It is pointed out that effective planning must be 
based on a knowledge of the time required to execute 
repairs and preventive maintenance. At present, 
cargo-handling schedules for carriers of dry goods do 
not impose any great strains on port repair facilities; 
but when trade conditions allow a quicker turn- 
round, schedules may have to be revised. The author 
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illustrates the argun.ent with many interesting ex- 
amples, and mentions some of the equipment and aids 
that have been found most useful. 


CORROSION 

A comprehensive paper, entitled “Corrosion of 
Cargo Ships and its Prevention,” was presented by 
Mr. H. J. Adams and Mr. J. C. Hudson to a joint 
meeting of the Institution of Naval Architects and the 
Institute of Marine Engineers. The paper excludes 
the subject of corrosion of oil tanks, but covers most 
other aspects. The general introduction discusses the 
occurrence of corrosion in ships, the effect of steel 
quality, the effect of design and the effects of welding. 
The large section on the corrosion of under-water 
plates deals with typical cases and details protective 
measures for maintenance painting. 

Laboratory tests have shown that zinc anodes are 
very sensitive to impurities, which promote the 
formation of a tenacious surface oxide film, and also 
to the iron content, which should not exceed 0.0014 
per cent. Traces of cadmium and lead also have an 
adverse effect, but aluminum seems to be beneficial. 
The usual means of attachment by bolts often proves 
to be unsatisfactory, due to local wastage in way of 
the exposed ends, leading to slackness and poor elec- 
trical contact. The U.S. Navy now uses a hull slab 
(12 in. by 6 in. by 134 in.) , which has two cast-in steel 
straps. These straps may be fastened to the hull either 
by tack-welding or by bolts. A high current output is 
reported to be maintained for two years. On no ac- 
count, of course, must the anodes be painted. 

The cathodic protection of steel cargo tanks in con- 
tact with sea-water is developed in two phases. The 
first requires the comparatively high current densities 
necessary to polarize the steel quickly, and to develop 
the alkaline calcareous deposit for immediate protec- 
tion under non-ballast conditions; the second requires 
a lower current density in order to maintain the pro- 
tection initially provided. The long-term second 
phase of protection is usually energized by sacrificial 
anodes of suitable material, whereas there are two 
widely used means of providing the initial boost for 
the inception of protection. In general, it now appears 
that United Kingdom shipowners prefer the use of 
an external source of direct current (later discon- 
nected) for the initial boost, while United States 
owners use a greater number of main anodes for init- 
iation. 

The cost of protecting all the tanks of a 20,000-ton 
tanker engaged in the white-oil trade, using standard 
magnesium anodes for initial boost and main protec- 
tion, has been stated to be 14,000 pounds; this figure 
includes materials, design and supervision, but not 
labor. If the tanks can be filled with sea-water during 
a convenient docking period, so that an initial boost- 
ing current can be used to build-up calcareous de- 
posits, then the overall cost can be reduced by 10 to 
15 per cent. An economical type of anode has been 
developed having fins, so that it combines the func- 
tion of main and booster anode in one. The fins pro- 


vide the initial high current and after they have been 
sacrificed, the remaining surface provides the equili- 
brium current. 

Nos. 2 and 3 tanks in the coasting tanker Shell 
Welder have been protected in this two-stage manner 
and six-monthly inspections, up to date, have shown 
a great reduction in metal wastage. The anodes pres- 
ented an even and typical corrosion pattern. The pe- 
riods during which ballast was carried has varied 
from a few hours to a week; the principal cargoes 
have been gas oil and motor spirit. 

- There is at least one proprietary coating now avail- 
able for application to the interiors of cargo-oil tanks, 
which is capable of withstanding the action of oil 
cargoes and the hot sea-water used for tank cleaning. 
Furthermore, it is claimed that it does not collect a 
static electrical charge. Practical tests of one such 
product were carried out on tank surfaces in the 
R.F.A. Wave Protector, which were exposed as fol- 
lows: —High octane aviation spirit, 92 days; kerosene, 
33 days; Diesel oil, 17 days; clean salt-water ballast, 
27 days; dirty salt-water, 11 days; and some of the 
tanks were filled with sludge oil for five days. During 
this test period (185 days), the ship was degassed 
by the Butterworth system eight times. The result 
has been so satisfactory that the Admiralty are mak- 
ing extended use of the coating in other R.F.A. ves- 
sels. Certain Shell tankers have also had encouraging 
results over a year’s test period. The labor and ma- 
terial costs of application are estimated to be less than 
half that of cathodic protection. Other coatings are 
available when edible oils are to be carried and pro- 
tection can also be obtained against alkali cargoes. 

A latex cement has been developed, which consists 
of a mixture of high alumina cement with concen- 
trated natural rubber latex. It provides a coating, 
with a high bond strength, to practically all surfaces, 
even wet, and a high tensile strength coupled with 
considerable resilience, resistance to thermal shock 
and resistance to physical attrition. It can resist at- 
tack by weak acids and alkali and is impermeable to 
water. It makes a useful coating for iron and steel, 
on to which it is best sprayed, and it is capable of 
bridging over isolated spots of rust or mill scale, fill- 
ing in pits and providing a surface well-suited to 
support a synthetic-resin coating, forming a combina- 
tion highly resistant to corrosive influence. The sim- 
ple latex-cement coating can be advantageously used 
in conjunction with cathodic protection, as it assists 
in distributing the current over a larger area and re- 
mains unaffected by the cathodic evolution of hydro- 
gen. 

Nylon has been tried as an anti-corrosive protec- 
tion. It is fed to a spraying gun as a powder and is 
melted on its way out in an oxy-acetylene flame. On 
striking a pre-heated (previously cleaned) metal sur- 
face, it forms a homogeneous film and requires no 
further treatment. 

An anti-corrosive treatment, which has proved suc- 
cessful for deep tanks, consists of an initial shot-blast- 
ing, followed by metalizing with a flame spray gun, 
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using zinc or aluminum, to be followed, in turn, by a 
coating of plastic sealer to fill any pores in deposited 
metal. Experience with certain vessels carrying 
lubricating oil in bulk, indicates that four years’ life 
can be expected before touching-up is necessary. A 
similar method, using aluminum for the metal coat- 
ing, is expected to prove suitable for tanks carrying 
edible oils, 

An interesting new product, non-toxic and non- 
caustic, which has a strongly solvent action, has been 
developed. This product will be of great assistance in 
tank-cleaning, due to its action in breaking-down oily 
residues. It is most effective when sprayed directly on 
to the surfaces just prior to hot-water washing, or it 
can be mixed with the washing water by gravity- 
feeding into the cleaning pump suction. Its use re- 
duces the number of washes and the maximum tem- 
perature, and it is particularly useful for the thor- 
ough cleaning when changing from the carriage of 
crude oil to distillate fuel. 


MATERIALS 


The symposium of papers on “The Fatigue of 
Metals,” arranged jointly by the British Institution of 
Mechanical Engineers and the American Society of 
Mechanical Engineers, forms a comprehensive col- 
lection of up-to-date information, which defies con- 
densing for an article such as this. A smaller sym- 
posium, but on the same subject, has also been 
arranged in Holland. 

Outside these symposia, there have been several 
publications on the subject of fatigue, and one of con- 
siderable interest is by Mr. C. L. Bore, entitled 
“Presentation of Fatigue Data for Fatigue Life Cal- 
culations,” published in the Journal of the Royal 
Aeronautical Society (May, 1956). Fatigue data are 
charted in a manner which clearly shows the effects 
of mean stress, residual stress and pre-tension, and is 
well-suited to the calculation of stress-concentration 
effects, including that of plastic relief. The use of such 
a charting method provides a means of readily com- 
paring relative fatigue strengths and structural effi- 
ciencies of different materials; it clearly demonstrates 
that, in certain circumstances, a high tensile-strength 
material may have a considerably lower fatigue 
strength than a medium tensile-strength material for 
a given endurance period, and a correspondingly 
lower endurance for a given stress level. Practical 
examples of the use of the chart are given. 

Advancing steam conditions lead to the employ- 
ment of alloy steels for steam pipes, which, in turn, 
have created problems of welding and construction. 
In a paper on “Welding of Steam and Feed Pipework 
for Marine Installations,” read before the Institute of 
Marine Engineers by Mr. J. Chamberlain and Mr. 
W. L. Roe, the authors discuss the welding, heat- 
treatment and non-destructive testing of joints in 
alloy steels made by manual methods only. Recom- 
mendations are made regarding the suitability of cer- 
tain steels for specific temperature ranges. The paper 
refers to (a) types of welded joints and preparation 
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of tubes for welding, (b) welding process and proce- 
dure, (c) filler rods and electrodes, (d) preheating, 
(e) post-welding heat-treatment, (f) non-destructive 
examination, (g) repairs to faulty welds, and (h) 
training, testing and supervision of welders. 


On the same subject of butt-welding pipes, Mr. 
R. P. Newman presented a paper to the Institute of 
Marine Engineers on “The Influence of Weld Faults 
on Fatigue Strength, with reference to Butt Joints in 
Pipe-lines.” It is shown that, for the conditions ap- 
plied, the root zone of welds, with and without back- 
ing rings, exercise a predominant influence on fatigue 
behavior. Except for the case of lack of penetration, 
other defects had no significant effect on fatigue 
strength, because of this overriding influence of the 
root zone, and hence no correlation between general 
radiographic appearance and fatigue behavior was 
found. The need to maintain a reasonably general 
standard of welding such joints is not necessarily dis- 
proved; what is indicated is that, if the welding proce- 
dure in all its aspects is well-planned and executed, 
particularly in regard to the root run, then the full 
application of radiographic examination is probably 
unnecessary. 

The stress-relieving by induction heat-treatment of 
heavy-duty welds has been made more easy by the 
development (by Messrs. Brown, Boveri & Co., Ltd.) 
of a special heat-resistant induction cable, the insula- 
tion of which can withstand 700 volts up to a tempera- 
ture of 1,380° F without need for water-cooling, and 
up to 1,740° F if arrangements are made for water- 
cooling the inductors. The cable, which is flexible, 
can be laid on or wound round the component to be 
treated, and the absence of inductor cooling water, 
over the usual temperature range, eliminates the 
possibility of accidental chilling of the workpiece. 
Such a cable inductor can be used for heat-treating 
welded seams in turbine rotors, pipes, boilers and 
castings, and is particularly suitable for the prelim- 
inary heating in connection with the shrinking of 
large gears or flywheels on to shafts. In this latter 
case, the symmetrical heat distribution eliminates 
asymmetric deformation, so that subsequent dynamic 
balancing is greatly simplified. 

An article discussing the principle of induction 
heating, and surveying its use for surface hardening, 
by Mr. G. W. Seulen, appeared in Metal Treatment 
(August, 1956) under the title of “Induction Harden- 
ing as a Means of Increasing the Resistance to Wear 
of I.C. Engines and Machinery.” 

In an article on “Brittle Fracture” by Mr. G. 
Vedeler, in Bulletin Technique du “Veritas” (Sep- 
tember, 1955), it was pointed out that the brittle 
fracture in large welded ships, especially super- 
tankers, can be traced to the comparatively coarse- 
grain structure of the thicker plate sizes, and that 
steel of a finer grain size must be used to avoid risk 
of fracture. The grain structure of thick plates can 
be improved by the addition of small quantities of 
silicon or aluminum, and by delaying the final rolling 
until the temperature has fallen appreciably below 
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that which normally prevails. Det norske Veritas sug- 
gest that, for such thick plate steels, a Charpy Vee- 
notch test and a maximum grain size should be pre- 
scribed. All steel rolling mills are prepared to fulfil 
the first condition without greatly increasing the cost, 
but the author reports that British prices for fine- 
grained, thick, steel plating are excessive in com- 
parison with those of other steel producers. 


Polyvinyl chloride is hardly attacked by either 
calcium or sodium chlorides, and it has a longer life 
than most stainless steels in brine solutions. Thus, 
typical applications are brine piping and cooling wa- 
ter-lines in air-conditioning plant, and exhaust ducts 
for the removal of corrosive fumes or fluids at mod- 
erate temperatures and pressures. The chief limita- 
tions to this piping are temperature and strength. 
Further details concerning the use of this material 
is contained in an article by Mr. W. Chapman in Air- 
conditioning, Heating and Ventilation (July, 1956), 
and entitled “Characteristics of Polyvinyl Chloride 
Pipe.” 

Plywood coated with a plastic, compounded from 
a polyester resin and glass fiber, has been found to be 
very successful in the banana-carriers Bremerhaven 
and Nordenhaven. Tests on such material show that 
the mechanical and chemical properties are superior 
to those of normal wooden linings. The coating is 
practically unaffected by banana or orange juice, fish, 
meat or the usual cleaning solutions. It absorbs little 
moisture and retains no odor from cargo. For clean- 
ing, it only requires to be washed down with a normal 
cleaning solution, followed by a water rinse. Such a 


treatment keeps the surface smooth and clean inde- 
finitely. 


MISCELLANEOUS 
Fire Detection and Prevention.— 


A most useful symposium of papers on “Fires in 
Ships” was presented to a joint meeting of the Insti- 
tute of Marine Engineers and the Institution of Naval 
Architects in October, 1956. The separate papers are: 
—‘Survey of the Causes and Methods of Extinction 
of Fires in Ships,” by Mr. F. J. Welch; “Principles of 
Fire Organization in Ships at Sea and in Port,” by 
Lieut.-Colonel A. G. Bates; “Naval Procedure in Re- 
lation to Fire Organization,” by Mr. L. T. Carter, 
R.C.N.C., and Captain H. C. Hogger, R.N.; and “Re- 
search in Relation to Ship Fires,” by Mr. S. H. Clarke 
and Mr. S. A. Hodges. 

The position regarding fires in ships in port is indi- 
cated by the fact that, after the fire in the Empress of 
Canada in 1953, very little could be found to be added 
to the recommendations of the 1950 Working Party 
Report on Fire Prevention and Fire-fighting in Ships 
in Port (issued by the Ministry of Transport) , except 
that they should be followed instead of being ignored. 
Further improvements at sea appear to lie in: —Ex- 
tension of fire-mindedness and training in fire-fight- 
ing; provision of automatic fire-detection in holds, 
including audible alarms; improvements in methods 
of sealing openings efficiently and quickly, partic- 


ularly in machinery spaces; maintenance of pressure 
on the fire-main for instant availability; increased 
attention to cleanliness and prevention of oil leakage 
in machinery spaces; insulation of all hot surfaces to 
prevent ignition of accidental leakage; placing oil 
tanks of all descriptions where they cannot become 
involved in flame from a major fire sweeping up the 
inside of machinery casings; and making machinery 
casings fire-resistant. A very extensive bibliography 
is given. 

In connection with the problem of maintaining ship 
stability, Mr. E. T. Hayward (in the Quart. I. Fire-E., 
Edinburgh, Vol. 76) describes an ejector pump de- 
signed specifically for use in fire-fighting duties. It is 
made of light alloy, weighs only 9 Ib. and is intended 
to be immersed in the loose water from fire hoses. 
When energized with a 34-in. nozzle on test, an ejector 
discharged 300 gallons per min. through a discharge 
height of 8 ft. 

A ship’s fire-mains should have 100 per cent avail- 
ability, but certain fouling growths have, on occasion, 
reduced flow rates by 90 per cent in ferrous mains. 
Fouling in copper-nickel pipes is not so severe, but 
it can still be considerable. Temperatures in excess 
of 60° F favor the rate of growth of fouling, which is 
thus often severe in piping close to engine-rooms and 
boiler-rooms. Regular chemical cleaning would ap- 
pear to be necessary, to provide the high degree of 
availability required. 


Lubrication.— 


Teflon has a remarkable combination of chemical 
and physical properties. It is non-adhesive, has the 
lowest co-efficient of friction known for solids, and is 
chemically inert with almost all substances. It can be 
widely used for dry lubrication. In a test for resis- 
tance to abrasion, a steel rod coated with 2 mm. of 
Teflon withstood 70,000 strokes of a reciprocating 
ground-glass surface; a conventional abrasion-resis- 
tant finish under similar loading was destroyed after 
a few hundred strokes. 

There are many specialized cases where dry- 
rubbing bearings are inadequate, and where it is im- 
practicable to use liquids or greases, and where gas 
can be successfully used as a lubricant. The two 
basic classes of gas-lubricated bearings of both 
journal and thrust type are the hydrostatic, and the 
self-acting or hydrodynamic. In the hydrostatic gas 
bearing, the load is sustained by the hydrostatic gas 
pressure in the clearance space; there is always finite 
leakage of gas, and pumping power required in- 
creases roughly as the cube of the clearance. The self- 
acting type of bearing generates its own hydrostatic 
pressure within the clearance space by virtue of the 
viscosity of the fluid in which it is immersed and the 
relative motion of the bearing elements. A paper on 
“Principles and Applications of Hydrodynamic-type 
Gas Bearings” was read before the Institution of Me- 
chanical Engineers in October, 1956, by Mr. G. W. K. 
Ford, Mr. D. M. Harris and Mr. D. Pantall. Two 
specific developments are described; one, a pump for 
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MARINE ENGINEERING IN 1956 


“S.B. & M.E.B.” 


circulating carbon-dioxide gas at 100 Ib. per sq. in. 
and 150° C through a loop in a nuclear reactor; the 
other a gas-bearing motor driving a pump for molten 
radio-active bismuth, the whole within a hermetically 
sealed container. Experimental results and techni- 
ques are reported. 

Work carried out on stepped thrust-bearing inves- 
tigations was reported by Mr. R. C. R. Johnston and 
Mr. C. F. Kettleborough, to the Institution of Me- 
chanical Engineers in February, 1956. The running 
oil-thickness and friction characteristics were deter- 
mined for a range of speeds, loads and inlet tempera- 
tures for several different angular positions of the 
radial step, and also for two curved steps. 


Instruments.— 

A magnetic filter capable of removing ferrous par- 
ticles so small as 0.00004in. from liquids has been de- 
veloped by Philips Electrical, Ltd. The powerful per- 
manent magnets used are surrounded by a thin non- 
magnetic casing, while the liquid to be filtered passes 
over the outside of the cage and is not brought in 
physical contact with the actual magnets. The ferrous 
particles are magnetically pulled on to the cage sur- 
face; and when the elements are taken out for clean- 
ing, the magnets are removed from inside the cages, 
which, being themselves non-magnetic, are easily 
cleaned. The filters are built in capacities ranging 
from 12,000 to 40,000 gallons per hour. 

For continuous satisfactory operation, most electri- 
cal and electronic-control equipment used in ships 
requires to be mounted on effective shock and vibra- 
tion absorbers, which should have good damping 
characteristics for both transient and continuous vi- 
bration or shock. They should also be capable of op- 
eration at high ambient temperatures in the presence 
of oil, petrol and acids, either liquid or vapor. An 
all-metal shock-absorber and vibration damper has 
recently been developed in America, aimed at meet- 
ing these requirements, in which the core of a stain- 
less-steel spring is packed with cushioning material 
woven of stainless-steel wire. Two ring-shaped pads 
of the same material are fitted and limit the move- 
ment of the instrument-foot resting on the cushioned 
spring, so that the load-displacement characteristic of 
the whole suspension rises steeply at the higher loads. 
At resonance, such an arrangement is claimed to 
have five to seven times the damping effect of rub- 
ber, and it is also claimed that it can satisfactorily 
handle transient loads resulting from accelerations 
up to 30 g. The temperature range is given as—130° 
F to 347° F. 

A prototype of a viscosity meter, called the Vis- 
cotherm, has been installed in the fuel-line of one 
of the engines of the Willem Ruys and has been in 
service for over 3,500 hours with very satisfactory 
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results. A small amount of fuel is continuously ex- 
tracted from the fuel-line and pumped through a 
capillary tube, and the pressure drop across the ca- 
pillary is used as a measure of the viscosity. The 
pressure drop is shown on a special differential gauge. 
This viscometer is of Dutch origin. Another such in- 
strument, of German development, is based on meas- 
uring the time taken to fill a particular float chamber 
filled through a capillary tube with a given pressure 
drop. The time is measured automatically, and cor- 
responding viscosity can be read from curves. 

A further range of thermo-junction discs, suitable 
for measuring heat-flow rates, have been developed 
by Messrs. Joyce, Loebl & Co., Ltd. The earlier discs 
gave an output of 2.5 microvolts per BTU per sq. ft. 
per hour. This is increased to 714 and 250 microvolts 
for the latest designed discs 4.3in. and 2.0in. in dia., 
respectively. As they are constructed of a polythene 
matrix, in which thermo junctions are embedded 
(about 300 per sq. in.), the maximum temperature 
at which they can operate is 160° F. 


Anchors.— 


The Spek anchor has been widely adopted by 
Dutch shipowners and is now being manufactured 
in Germany. It is a form of stockless anchor, so de- 
signed that the center of gravity of the head lies on 
the pivoting axis. As a result, the head comes to 
equilibrium at any angle and it will easily adjust it- 
self to the angle of the ship’s side when the points of 
the flukes make contact with the side plating. 


EDUCATION. 


The University training of marine engineers has 
been considerably strengthened at King’s College in 
the University of Durham, Newcastle-on-Tyne, by 
the endowment of a Chair of Marine Engineering. 
This was made possible largely by the generosity of 
the engine-builders and shipbuilders of the North- 
East Coast, and the first Professor, Commander C. H. 
Chambers, R.N. (Rtd.), has recently been appointed. 
There is thus a great opportunity for shipowners to 
take advantage of the facilities now available by 
sponsoring the best of their engineering cadets and 
helping them to take the course at the University. 
The intake to the first year of the Cadet Scheme has 
now reached Ordinary National Certificate standard, 
and a good pass at this level will merit consideration 
for matriculation exemption and entrance to the Uni- 
versity. If British ships are to use, successfully, the 
results of modern research and development, an in- 
creasing intake of University-trained engineers is 
required by the shipowners and engine-builders, and 
the further training of selected engineer cadets, as 
indicated in the foregoing, would appear to be one 
way of ensuring the necessary intake. 
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SELECTION OF DIESEL PROPULSION 
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Vessels as an Engineering Officer and is presently employed in the Bureau 
of Ships “Performance and Scientific Section” of the Machinery Design 


Branch. 


INTRODUCTION 


ii ENGINES used on Naval Vessels are usually 
off the shelf items whose characteristics are known. 
This fact relieves the ship designer of the respon- 
sibility of specifying the main propulsion plant 
characteristics. However, this apparent blessing is a 
dangerous engineering pit fall because the total 
horsepower required for a given ship can be arrived 
at in many different ways with many different type 
engines. 

In order that the propulsion plant selected for a 
given ship is optimum the following procedure has 
been developed. 

DISCUSSION 

The primary basis for selection of one type diesel 
propulsion plant over another for Navy application 
is: “Which plant has the least total weight of ma- 
chinery plus fuel for a given cruising range.” To 
determine the required quantity of fuel to meet en- 
durance requirements, the following data must be 
obtained or estimated— 

¢ Full power shaft horsepower (f.p. s.hp.) 

¢ Full power speed. 

¢ Full power propeller revolutions per minute 
(rpm). 

* Cruising speed and endurance. 

¢ Cruising propeller rpm. Assume straight line 
function with speed on displacement type hulls if 
no other data are available. 

* Total brake horsepower (b.hp.) required. 
Transmission efficiency assumed according to type 
drive being considered. 

* Speed power curve for the ship. For most ships 
the power to drive a vessel varies approximately as 


the cube of the ship speed or propeller rpm. 

¢ Ship speed in knots = full power speed in 
knots X Wper cent f.p. s.hp. 

By using multi-engine installations, some choice 
of operating conditions imposed on the engines is 
possible. For any type of internal combustion en- 
gine, the output power may be expressed as: 

b.hp. = rpm xX brake mean effective pressure 
(b.m.e.p.) X constant. This is quite similar to the 
equation, 

b.hp. = rpm X torque X constant. 

If all values are expressed as a percentage of rated, 
the above equations become: 
per cent b.hp. = per cent rpm X per cent b.m.e.p. or 
per cent bhp. = per cent rpm X per cent torque. 

One characteristic of an internal combustion en- 
gine is that rated torque or b.m.e.p. cannot be ex- 
ceeded without harmful effects unless overload 
provisions have been made. 

Further examination of the preceding equations 
indates that it is possible to obtain infinite combina- 
tions of per cent b.m.e.p. and per cent rpm with less 
than 100 per cent b.hp. When there is a fixed reduc- 
tion ratio between engines and propeller, and all 
engines are in operation and assuming a rpm cubed 
—b.hp, relationship the per cent b.m.e.p. will vary 
as per cent rpm squared. 

If the resulting per cent b.m.e.p. is too low for 
good engine operating conditions, it may be in- 
creased by decreasing the number of engines in 
operation. The resulting per cent b.m.e.p. would be: 

per cent b.m.e.p. = (per cent rpm)? X number of 
installed engines divided by number of operating 
engines. 
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DIESEL PROPULSION FOR NAVAL VESSELS 
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100 
90 
80 
70 
60 
ASSUMED CUBE 
CURVE, ALL 
ENGINES 
OPERATING 
= 
30 
20 SAME AS ABOVE BUT FOUL 


BOTTOM OR INCREASED 
DISPLACEMENT OR TOWING 


10 20 30 40 50 60 
Per cent RPM 
Figure 1 


70 80 90 100 


The above assumes constant transmission efficien- 
cy but is usually quite satisfactory for a preliminary 
analysis. 

For a more detailed analysis, the actual tranmis- 
sion efficiency at the various operating conditions 
should be considered. This type of analysis may be 
used for any number of engines and any type of 
installation. 

Where a fixed reduction ratio between engines 
and propeller is not used, such as on d.c. electric 
drive, care must be exercised in determining the 
engine rpm. 

Where a controllable and reversible pitch propel- 
ler is used, the cube relationship between s.hp. and 
rpm will not apply except for constant pitch opera- 
tion. 

When establishing the s.hp. versus rpm curve and 
when determining the engine rating required, the 
various conditions of the operating ship must also 
be considered. These conditions may be: 

¢ Towing. 

¢ Widely varying displacement. 

¢ Bottom fouling. 

For each design it is suggested that a diagram 
similar to figure 1 be prepared. Plot the ship’s 
actual speed power curve on the diagram, convert- 
ing the s.hp. to b.hp. by dividing by the transmis- 
sion efficiency. 

After establishing the speed power curve on a per 
cent rpm and per cent installed b.h.p. basis, the 
speed power curve when using half installed en- 
gines can be plotted by multiplying the per cent 
b.hp. for a given per cent rpm by 2. 

The diesel engine is considered a constant torque 
engine and can reach 100 per cent b.m.e.p. at any 
given rpm above idling speed. However, limitations 
are imposed to protect the engine from: 

¢ Possibility of insufficient lubricating oil to pro- 
486 
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Per cent HP 


100 


10 20 30 40 50 60 70 80 930 100 
Per cent RPM 
Figure 2 


tect the engine at high b.m.e.p. due to low output on 
attached pumps at reduced engine rpm. 

* Low b.m.e.p. which results in heavy carbon 
deposits in the engine. 

Figure 2 shows the limitations graphically. 

By varying the number of engines the best com- 
bination can be selected for the particular ship. The 
cruising conditions should fall in the desired operat- 
ing area. For relatively high speed ships, this will 
usually occur when operating with 50 per cent or 
less of the installed engines. Auxiliary vessels may 
require a greater percentage of the installed en- 
gines operating. After a satisfactory engine combi- 
nation is selected, and if sufficient data are available, 
plot the fuel consumption curves for the particular 
engines being considered over the speed power 
curves. This results in a complete picture of the 
performance characteristics of the main propulsion 
plant (see figure 3). 

Using the above prepared data, compute the 
weight of propulsion fuel required to meet the spe- 
cified endurance for the ship. To obtain total fuel 
required, add the auxiliary fuel requirements for 
generator and boiler to the ship propulsion fuel. 
This total figure represents the burnable fuel re- 
quired for endurance. 

In determining the fuel required for ship service 
generators, the electric load should be that deter- 
mined by power analysis for 24 hours average 
cruising conditions. 

In determining the fuel required for auxiliary 
boilers, the load on the boilers should include, as 
applicable: 

50 per cent of the ship’s design space heating load 
(intermittent system). 

50 per cent of the ship’s galley, laundry, and hot 
water heating loads (constant system). 
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Figure 3 


100 per cent of the distilling plant steam require- 
ments, 
The following is an example: 


f.p.s.hp. 7,600 

f.p. speed 20 knots 

f.p. rpm 300 

cruising speed and endurance 11.7 knots 10,000 miles 
cruising rpm 175.5 

total b.hp. required 8,000 


Speed power curve: 


Percent Speed Percent 
Power ots r.p.m. 
100 20 100 

80 18.6 92.8 
60 16.9 84.4 
40 14.7 73.7 
20 11.7 58.5 
10 9.3 46.4 


Assume two-engine installation: 

At 58.5 per cent rpm one-engine operation, the 

% b.m.e.p. = nee x 2 = 0.684 or 68.4% b.m.e.p.; 
which is in the recommended operating area of fig- 
ure 2. The specific fuel consumption is 0.39 Ib. per 
b.hp. hr. from figure 3. 


0.20 X 2X 2 = 1600 b.hp. hr. 

1600 b.hp. hr. X 0.391b. perb.hphr. = 624 Ib. hr. 

Auxiliary generator = 170 |b. hr. 

Boiler =150 lb. hr, 

Total = 944 lb. hr. 

944 Ib. hr. X 10,000 miles = 360.2 tons burnable 
2240 lb. ton X 11.7 knots fuel required 


At 58.5 per cent rpm two-engine operation, the 


% b.m.e.p. = nee x2 = 0.34.2% b.m.e.p., which 


is in the recommended operating area of figure 2. 
The specific fuel consumption is 0.40 Ib. per b.hp. 
hr, from figure 3. 


0.20 < 8000 = 1600 b.hp. hr. 
1600 b.hp. hr. X 0.40 lb. per hr. = 640 Ib. hr. 
Auxiliary generator = 170 |b. hr. 
Boiler = 150 Ib. hr. 
Total = 960 Ib. hr. 


960 Ib. hr. X 10,000 miles 
2240 Ib. ton X 11.7 knots burnable fuel required 


For this example, a two-engine installation, 
cruising on one engine, would be recommended in 
order to permit the more desirable engine operating 
condition of 68.4% b.m.e.p. as well as the smaller 
quantity of fuel required. 

After arriving at the minimum fuel requirement 
consistant with good operating procedure the total 
machinery plant weight is arrived at for each pro- 
pulsion plant considered. 

That plant having the least total weight of ma- 
chinery plus fuel is usually considered as being the 
best plant for the ship, this criteria is basic for com- 
batant ship and is the result of a marriage between 
efficiency of the power plant and the operating effi- 
ciency of the ship as a whole. Other factors consid- 
ered are cost of maintenance, first cost, space, re- 
liability, etc. Any one of these other factors could 
become the deciding factor in selections of the ma- 
chinery however, they have a secondary effect on 
the selection. 

Often the endurance requirements of a design are 
not firmed up during the preliminary design stage 
and the easiest way to study the design is to solve 
for the endurance requirement that would result in 
the same total weight of machinery plus feed when 
compared to a base plant. 


NATURALLY ASPIRATED ENGINES | SUPERCHARGED ENGINES 
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DIESEL PROPULSION FOR NAVAL VESSELS 


When computing the number of hours (endur- 
ance) at which the total weight of machinery plus 
fuel is equal, and above or below which one or the 
other has the advantage the following computation 
can be used: 


100 (Specific weight plant A—Specific weight Plant B) 


hours = 


From this sample comparison we can see which 
plant has the advantage for any given ships endur- 
ance characteristics. 

Typical fuel rate curves for late model engines 
are given as figure 4. 


Multi engine installation load characteristics 
based on a cube relationship between power and 
ship speed and using hydraulic couplings are given 
in figures 5 and 6. 

Bore vs. specific weight relationship is given in 
figure 7. 

Bore vs. BMEP (psi) relationship is given in fig- 
ure 8. 

Bore vs. piston speed relationship is given in fig- 
ure 9. 

Bore vs. stroke relationship is given in figure 10. 

Total displacement vs. specific weight is given in 


figure 11. 
CONCLUSION 


The foregoing discussion of “Selection of diesel 
propulsion plants for Naval use” was presented in 
the hope that those concerned with the subject may 
find it of interest and value. 


Per cent SHP 


10 20 30 40 50 60 70 80 90 100 


Per cent VK(Ship Speed) 
Per cent of Installed Engines Operation 
SHP VS VK (Speed) 


Figure 5 
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(Fuel rate Plant B—Fuel rate Plant A) 
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Note: This curve is based on engines studied by the au- 
thor in the last year for main propulsion application. 
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Note: These curves are based on engines studied by the author in the last year for main propulsion application. 
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GENERAL INTRODUCTION 


, en PAPER is a resumé of the fire fighting organiza- 
tion and methods used to combat fires in the Fleet. 
It begins with a brief historical survey of fire regula- 
tions, and after a reference to losses by fire up to 
1939, stresses the lessons learned in the 1939-45 war, 
quoting some outstanding instances of fire damage. 
The development of equipment in the light of fire 
statistics is discussed, with general remarks on basic 
policy from the point of view of user and stowage 
problems. Reference is made to the fundamental re- 
quirements of fire protection and their influence on 
design and fittings, followed by a discussion of fixed 
installations, including the fire main and its pumps, 
and the special properties of foam. The problems as- 
sociated with particular hazards such as gasoline 
stowages, flight decks, hangars in aircraft carriers, 
etc., are mentioned, together with a description of 
the fire protection provided, and the problems met 
with in small craft. 

There is a description of first aid equipment in use 
in the Fleet, with remarks on emergency items such 
as portable pumps, protective clothing and breathing 
apparatus. The fire fighting organization within the 
ship is reviewed, with reference to training facilities 
at the fire schools and the work carried out at the 
Admiralty Fire Test Ground. The special require- 
ments of Arcticization are mentioned and there is a 
brief reference to the steps taken to provide an in- 
terchange of fire fighting equipment between 
N.A.T.O. Navies. 
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HISTORICAL INTRODUCTION 


In 1730, the Navy Regulations and Instructions 
contained the following order: — 
Such as smoke tobacco are to take it in the Forecastle and 


in no other place, taking all possible care to prevent acci- 
dents from fire. 


The order then goes on: — 


and for further preventing such accidents, care is to be taken 
every night that immediately upon the setting of the watch, 
both fire and candle be put out in the cook room, hold, 
stewards room, cockpit and everywhere between decks, the 
master-at-arms or some other careful officer being sent out 
to see the same performed. 


Nor are candles to be used in any other part of the ship 
but in lanthorns. 


—or in twentieth century language, No Naked 
Lights. 

A further paragraph in the book, in the instruc- 
tions for the gunner, reads: — 


He is to take care that nobody enters (the powder rooms) 
with such things about him as may strike fire in falling. 


In present-day orders, special shoes must be worn 
in magazines, and steel tools are prohibited for the 
same reason. 

By Nelson’s time, the regulations about Fire had 
been amplified, and in the “Regulations and Instruc- 
tions relating to His Majesty’s Service at Sea” of 
1806, we read: — 


(The Captain) is to be extremely attentive in taking every 
possible precaution to prevent accidents by fire. 
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He is not to allow any person to smoke tobacco in any 
other place than the galley. 

He is strictly to forbid the sticking of candles against the 
beams, the sides or any other part of the ship. 

He is strictly to inform the officers not to read in bed by 
the light of either lamps or candles nor to leave any light in 
their cabins without having some person to attend it. 

He is to direct the carpenter to see that the holes in the 
decks through which the funnels of the stoves are passed 
are well leaded. 

He is to give the most positive orders and most rigorously 
to enforce them, that spirituous liquors shall not be drawn 
off or moved from one vessel to another anywhere but on the 
upper deck and by daylight only. Any lights necessary for 
the occasion are to be in very good lanthorns and are to be 
kept as far from the spirits as possible. 


From these extracts, it is obvious that our Naval 
forbears of 150 years ago were fire conscious and 
with very good reason. The wooden walls of Nelson’s 
day presented an appalling fire risk. Built entirely 
of wood caulked with oakum and pitch, rigged with 
hemp and manila and with a prodigious acreage of 
canvas, the ship itself was highly flammable. There 
were quantities of spare canvas and cordage carried 
below, to say nothing of barrels of powder. With no 
artificial lights but candles, the smoking materials 
of the crew and rudimentary fire fighting appliances, 
there is little wonder that fires in warships were fre- 
quent and disastrous. 

In 1794-1800, for example, there are records of the 
total loss of six British warships by fire involving 
the loss of over 1,500 men. These were all accidental 
fires; enemy action was not involved—it is difficult to 
discover whether battle casualties were caused by 
fire or other damage. 

Our knowledge of fire fighting equipment of those 
days is scanty. Ships were fitted with pumps of a 
primitive type and leather hoses were known, but 
there is no reference to pumps or hoses being used 
for fire fighting; it is probable that fire fighting 
equipment was restricted to buckets and possibly 
wet blankets or canvas. It was known for the car- 
penter to be called on to bore holes in the ship’s side 
below the waterline, which must have been a des- 
perate measure. 

The coming of steam introduced new fire hazards 
both from the fuel and the heat sources involved, but 
the dangers were more than offset by the iron or 
steel hulls and the fact that for the first time power 
pumps were available for fire fighting. There is 
therefore a marked fall in the number of fires during 
the latter part of the nineteenth century. The intro- 
duction of oil fuel into the Royal Navy does not 
seem to have raised the incidence of fires, possibly 
because the risk was so obvious that precautions 
were taken from the start. 

Although fire must have been a contributory 
cause of many ship losses in the First World War, 
there is no information to show whether it was ever 
a principal cause. The damage and losses through 
fire were, to a great extent, overshadowed by the 
explosion disasters of this period. Although not due 
to fire in its general sense, these losses were in one 


respect fire losses in that most of them were caused 
by the intense heat flash from an exploding projectile 
penetrating to magazines containing cordite, which 
in those days was seldom in metal containers. By the 
end of the war, the danger had been appreciated and 
flash-tight doors and fittings made a magazine explo- 
sion unlikely except as a result of a direct hit. 


FIRE LOSS AND DAMAGE IN THE 1939-45 war 

In the period between the two world wars there 
were few major fires and not a great deal of progress 
in Naval fire fighting. The natural drive for economy 
put a brake on the development or provision of new 
appliances and the necessity of observing various 
treaty limitations made the saving of weight a matter 
of special importance. 

During this period there was little change in ship 
fire fighting arrangements, which were based on the 
fire main as the principal medium against fire. Steam 
drenching arrangements for boiler rooms were intro- 
duced about 1926 and in 1923 trials were started 
using foam. The growing numbers of aircraft carriers 
in the Fleet kept up the interest in fire fighting to 
some extent, but looking back it is clear that the 
ships of these years were woefully short of equip- 
ment. 

It did not need many months of the Second World 
War to pin point the shortcomings. It is impressive, 
however, on looking at the reports of ships which 
suffered fires to see how often the words, “Fire ex- 
tinguished without difficuity,” occur. Even in the 
early days of the war, such reports were frequent, 
and bearing in mind the scarcity of equipment, it is 
apparent that the technique of fire fighting was very 
quickly learned, and that determination and ship 
knowledge are quite as important as equipment. 

There is, however, a darker side. An accurate 
assessment of the severity of fire damage in action is 
impossible. Ships were nearly always damaged in 
other ways. However, it is estimated that out of the 
total number of ships sunk, excluding submarines 
and minor vessels, about 8 per cent were lost pri- 
marily because of fire. That is not to say that they 
were otherwise undamaged, but it is considered that 
these ships could have been saved had there been no 
fire. A few examples may indicate some of the les- 
sons that were learned in ship fire fighting in the 
war. 

In 1942, H.M.S. Arethusa, a cruiser of 7,000 tons, 
was struck by a torpedo on the port side forward. 
The ship took a list of 15 degrees—one can imagine 
what that means to fire fighters—and an intense fire 
broke out, enveloping most of the fore superstruc- 
ture. The fire was nourished by oil blown over the 
superstructure by the explosion and by paintwork, 
wooden fittings and clothing. Of the three pumps 
which were running at the time, two were immedi- 
ately put out of action by failure of electric supplies; 
within half-an-hour they were running again. The 
ship’s foam equipment was used until all foam com- 
pound was exhausted, and first aid appliances were 
then brought to bear. The torpedo struck at 6 o’clock 
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in the evening; the report says simply, “The fire was 
extinguished by daylight on the following day.” In 
spite of her injuries, H.M.S. Arethusa survived 
largely because of good training in fire fighting. She 
was certainly not lavishly equipped. 

A sterner lesson was learned in H.M.S. Southamp- 
ton, a cruiser of 9,000 tons. At 3.20 p.m. on 11th Jan- 
uary 1941 she was struck by two or four 500 Ib. 
bombs. One or two exploded near the forward boiler 
room just abaft the bridge structure, the others aft 
near X magazine. Both explosions started fires. The 
forward fire was soon under control in spite of the 
fact that only one pump was running and many key 
men in this area had been killed. The fire aft was 
never under control. The forward boiler room was 
out of action and the forward engine room ceased to 
function. The after engine room, which was intact, 
had to be evacuated because of the heat of the fire 
raging above it. The ship was thus left without 
power. Finally, a further major fire broke out for- 
ward due to oil on top of the water in “A” boiler 
room reaching the hot furnace. This was not noticed 
until the funnel was red-hot. Eventually, the ship 
had to be abandoned and sunk by our own forces. 
Although this ship suffered severe damage, the pri- 
mary cause of her loss was failure to extinguish the 
fires. 


There were some losses where it is apparent that 
nothing could have saved the ship. 

H.M.S. Trinidad, a 9,000 ton cruiser, was tor- 
pedoed in the Arctic and limped into Murmansk 
where temporary repairs were carried out. She then 
sailed for home and was struck by two bombs almost 
in the spot in the ship where she had been torpedoed. 
The explosion started a major fire just abaft the 
bridge, cut the fire main and killed the whole of one 
damage control party (a ship of this size would prob- 
ably have three or four). Because of continuous at- 
tacks by torpedo bombers, the ship had to continue 
steaming at high speed and this fanned the fire 
through rents in the ship’s hull. As a result of the 
previous damage, the area was full of timber shoring 
and, in spite of efforts to clear it, was covered in 
many places with oil fuel blown into inaccessible 
corners by the previous explosion. The fire parties 
were greatly hampered by smoke and the 10° list 
which developed. Eventually, the ship had to be 
abandoned and sunk by our own forces. In this case, 
although additional fire fighting equipment might 
have helped, it is doubtful if anything could have 
saved the ship. 

There is no time to add further examples. It is a 
depressing tale relieved by glimpses of the courage 
and tenacity with which innumerable fires were 
fought. However, by the end of the war the fire losses 
were considerably reduced. The lessons had been 
learned, and these lessons were: first, the vital im- 
portance of training in all aspects of Damage Con- 
trol, but particularly fire fighting, and the fact that 
this training should be done as a team, with men 
working and learning under the officers and petty 
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officers who will lead them in action. Second, there 
must be good and adequate equipment well distrib- 
uted around the ship. Third, with the exception of 
fuel and ammunition, as far as possible everything 
that will burn must be kept out of warships. Finally 
—and perhaps the most important of all—every man 
must know his ship—this is of importance in all 
aspects of damage control, but nowhere more than 
in fire fighting, where dense smoke, wreckage and 
heavy list may accompany every fire. 


THE POST-WAR PERIOD 

Since the war, there have fortunately been no 
catastrophic fires in British warships. This is partly 
due to the excellence of the fire fighting equipment, 
which embodies most of the lessons of the war, and 
within the limitations of weight, space and cost, 
could probably not be bettered very much by any 
existing equipment. 

An analysis is made and published yearly of all 
fires that occur in these ships—the causes, effects 
and methods of extinction used. In 1955, there were 
101 fires reported, of which six were classified as 
major, eight as medium, and eighty-seven as minor. 
There was no loss of life or serious injury directly 
attributable to fire. Welding operations were respon- 
sible for twenty-one of the fires reported and the 
disposal of smoking materials came second with sev- 
enteen, followed by the breakdown of cable insula- 
tion with eleven. In the last ten years, the use of 
gasoline in the Navy has been virtually eliminated 
except in aircraft. This is reflected in the fact that 
only one minor gasoline fire was reported in 1955. 

The analyses, so far, have given no indication that 
the present equipment or methods are wrong. It must 
be remembered, however, that in war the causes of 
fires might be very different. Nevertheless, these 
statistics serve a useful purpose in keeping the 
danger of fire to the fore and enabling the Admiralty 
to issue warnings and recommendations to the Fleet 
of any dangerous trends in fire risk. 


FIRE FIGHTING IN THE ROYAL NAVY TODAY—GENERAL 
CONSIDERATIONS 

The modern warship is a most complicated ma- 
chine and although it is less flammable structurally 
than its wooden predecessors, it contains more flam- 
mable equipment. 

Many compartments are packed with electrical 
equipment or oil-using machinery; electric cables 
run through every compartment; pipes containing 
flammable liquids are widespread, and in the lower 
parts of the ship there are large quantities of fuel 
oils and high explosives. 

Even in peacetime a warship presents a consider- 
able fire risk, while in wartime the danger of fire can 
never be disregarded. For this reason, the prevention 
and extinction of fire is regarded as of the greatest 
importance, and everything possible is done in the 
provision of equipment and training of personnel. 

The Administrative responsibility for fire fighting 
in the Navy is vested jointly in the Director of Naval 
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re Construction and the Engineer-in-Chief. Of these arrangements in Naval vessels meet requirements, 
b- two departments, the former is responsible for the and that emphasis only remains to be placed on fire 
of design and provision of fire fighting appliances and prevention and the provision of equipment. 

ng for the use of fire resistant materials, while the latter 

ly is responsible for fire fighting methods and for the FIRE PREVENTION 

an special training of Engineering Branch ratings who A warship has to carry a considerable fireload, 
all form the bulk of the fire fighting manpower of the some of it extremely hazardous, but much can be 
an Fleet. done in the way of fire prevention by a reduction of 
nd The basic policy for fire fighting in the Royal Navy flammable materials and by attention to potential 


is that it is a matter in which everybody is concerned. 
This is summarized thus in the Admiralty Ship Fire 
Fighting Manual: — 


risks in the design stage. This aim is steadily pursued 
although it is not always easy in peace-time when 
the claims of habitability have to be given greater 


no To meet the menace of fire in HM. Ships, it is essential consideration. Nevertheless, there is today far more 
ly that all on board should be familiar with the principles of fire consciousness than formerly. Generally speak- 
w: fire extinction and the handling of fire appliances. ing, the question which is asked when a new material 
=t, There are no professional firemen in a ship; for this for ship 
is reason, fire fighting equipment must be simple to use ne answer 1s Yes, a search 1s made for an alter- 

and maintain. It is important that any man who dis- native which preferably will not burn at all, or more 


usually, which possesses some measure of fire re- 


covers a fire should be able to pick up the nearest : 
all P P sistance. Where fire hazards cannot be eliminated, 


appliance and know that it will work. 


- The size and weight of the fire fighting equipment ae — wi 4 to minimize them by a suitable 
is a matter of concern. Also, a warship has to go ; 

oa anywhere in the world, so that it is no use having ere are many items in a ship susceptible to fire 
tly fire appliances which require a large number of re- ee treatment. og of them is paint which, in 
me fills of widely differing types and patterns. e past, has constituted a serious fire risk accentu- 


ated by the thickness to which it was allowed to ac- 


h The requirements for equipment can therefore be , 
ne cumulate. Fires may spread into an adjoining space 


summarized as simplicity of design and operation, 


“a ease of maintenance, small dimensions, and the due to the spontaneous ignition of vapors from blis- 
f smallest possible number of refills and replacements. ter in the paintwork, which in turn ignites combust- 
io) ibles in the vicinity. This hazard has been reduced 
ed FIRE PROTECTION considerably by applying a fire retardant paint for 
ai Fire protection in a ship involves the provision of interior hae based on a gum damar medium, to De- 
the elimination of fire causes and the installation of laid Pi 1053 
of means of detection and extinguishment. It is more 

ee: than ordinarily important in a ship that a fire, if it In H.M. ships, all “— except that specially liable 
“ei occurs, should be contained and extinguished in the to hinges in contact wit food, and wood spurs, der- 
Ity space in which it originates. It was in laying empha- and 1s 
al sis on this aim for passenger ships that the relevant given a fire retardant treatment by impregnation. 
portions of the Regulations of the International Con- Timber so treated will not propagate a fire nor assist 

vention for the Safety of Life at Sea, 1948, marked in its development. It will eventually char through, 

\L an appreciable advance on the corresponding section however, if heat is sustained. Wood furniture is only 
of the 1929 Convention. In warships, which are spe- fitted in C.O.’s apartments, in wardrooms and in 

na- cifically excluded from the scope of the 1948 Regu- wardroom anterooms, and is made fire retardant. 
lly lations, a fire cannot always be restricted to the com- Elsewhere, furniture is of aluminum. The stuffing 
sd partments where it starts. Action damage, for in- is generally of horsehair, which is also given a suit- 


stance, would probably prevent this. As compared 
with merchant ships, however, warships have the 
advantage of a closer spacing of main transverse 
bulkheads and watertight decks, the bulkhead deck 
is normally the weatherdeck, there is a much greater 
degree of sub-division, and there is the absence of 
commodious stairways and long passages. All this is 
inherent in the purpose for which warships are built, 
and in practice it adds up to a high degree of fire re- 
sistant construction since, generally speaking, the 
bulkheads and decks are of the standard required 
for Class “A” and Class “B” divisions as defined in 
the 1948 Regulations. 

It may therefore be said that as regards the provi- 
sion of fire resistant barriers, the normal structural 


able treatment. The possibilities of foamed plastics 
or neoprene are being considered for mattresses. 


In general, linings are not now fitted to the ship’s 
side. The steelwork is insulated with Navy Board 
made of resin-bonded glass fiber faced with glass 
cloth which is impregnated with a phenolic resin. 
The joints are sealed with a glass cloth tape. Wher- 
ever possible, fabrics are given a fire retardant treat- 
ment by immersing them in an aqueous solution of 
borax and boric acid in the proportions of 10 oz. of 
borax and 8 oz. of boric acid to one gallon of water. 
As the deposits are soluble in water, reproofing is 
necessary whenever the material has been laundered 
or exposed to dampness. Plastic coated fabrics are 
pretreated by the inclusion of a fire retardant me- 
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dium, such as antimony oxide, in the plasticizer. 
Glass wool fabrics have low abrasion resistance and 
therefore have not been introduced. 

Electric cables, at present, are insulated with nat- 
ural rubber or varnished cambric with a protective 
sheath of neoprene. This gives protection against 
small fires. Cables in later ships will be given a more 
complete protection by means of silicone rubber and 
glass fiber or tape insulation, again with a neoprene 
protective sheath. 

Good housekeeping plays a part in warships as 
elsewhere. The disposal, as far as possible, of items 
such as clothing, bedding, stationery, and personal 
belongings, in metal lockers with doors secured 
against shock or blast, helps to lessen the risks of 
fires. 

It is not possible to account fully for all the fire 
reduction measures in Naval vessels, but enough has 
been said to indicate that considerable attention is 
paid to this aspect of fire protection. 


THE FIRE MAIN AND ITS PUMPS 


In an age which can provide extinguishing media 
ranging from halogenated hydrocarbons to plain so- 
dium bicarbonate, water still remains the most effec- 
tive agent in general use for dealing with a fire. In 
a ship, water is easily obtained and the fire main is 
the main artery of the fire fighting system in Naval 
vessels. This is fed by widely distributed centrifugal 
pumps whose numbers are based on fire fighting re- 
quirements, together with those for other essential 
services such as prewetting, cooling systems and san- 
itary services. Water requirements for fire fighting 
take into account the possibility of having to fight 
major fires and spray a block of magazines concur- 
rently. 

Over the years the tendency has been for bigger 
and better fire mains and smaller and better pumps. 
In the last war it soon became apparent that pump 
capacities and fire main pressures were inadequate 
and that existing jet nozzles absorbed so much water 
that the concurrent use of a small number led to 
overall inefficiency of the fire fighting system. Steps 
were taken to increase the standard working pres- 
sure from 50 to 75 Ib. per sq. in. by providing higher 
duty pumps in larger numbers. At the same time the 
nozzles were reduced in size and, as it had become 
evident that something more than plain jets was re- 
quired, ships were also supplied with nozzles which 
could give either jet or spray. 

Fire mains today run to 34% in. in frigates, and up 
to 6 in. in large ships, with respective total pump 
outputs of 160 and 1,500 tons an hour. At the out- 
break of war pumps could only be started locally but 
war experience showed the necessity for a remote 
control position on the lowest communication deck. 
War casualties also indicated the need to maintain 
pressure in the fire main at all times by running 
some of the pumps continuously. This was at first 
resisted on the grounds of excessive maintenance 
and the danger of pumps becoming overheated. How- 
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ever, the latter problem was solved after careful 
tests by fitting leak-off arrangements which give a 
constant discharge flow of 4-5 gallons per minute 
from each pump. 

Fire hydrants in ships in 1940 were few and 
far between. Later ships were more generously 
equipped on the basis that a fire in any compartment 
should be capable of being dealt with by a 40-ft. 
length of hose from each of two hydrants. To 
achieve conformity with the Shore Fire Service, 
whose cooperation with ships in ports was often es- 
sential, the 24 in. instantaneous coupling to B.S.S. 
336 was adopted in new construction, replacing the 
bayonet joint connection. 


The fire main is generally placed in the ship so 
that it is given maximum protection from action 
damage. A number of isolating valves are fitted to 
minimize the effect of wastage or flooding due to 
fracture and, in addition, all branches are provided 
with a shut-off valve fitted close to the main. Pres- 
sure gauges are supplied at the junction of the pump 
risers with the fire main, and in other positions, to 
serve as an indication to damage control parties of 
any damage to the main. An early war lesson indi- 
cated the necessity for providing a rapid means of 
bridging damaged sections of the fire main, and bulk- 
head hose connections at positions well above the 
waterline were therefore introduced so that this 
could be achieved by lengths of hose which did not 
need to be passed through doorways. 


The standard working pressure for future carriers 
and cruisers will be 100 Ib. per sq. in. and it is likely 
that this pressure will be adopted for other ships in 
view of the contemplated use of eductors for gen- 
eral suction duties. The higher pressure will lead to 
greater fire fighting efficiency without a marked in- 
crease in water consumption since a general purpose 
nozzle has recently been introduced which has a 
smaller water capacity than its predecessor. This is 
an aspect which has to be borne in mind in all ship 
fire fighting, although generally speaking the greater 
degree of sub-division in warships as compared with 
merchant ships is a factor which tends to lessen the 
risks arising out of loose water. Having provided 
for high working pressures in fire mains, it becomes 
another problem to maintain them in face of de- 
terioration of the pumps and piping systems. Main- 
tenance can partially cope with the first, but the 
second is an ubiquitous marine problem, the solu- 
tion of which is still being sought. Copper-nickel- 
iron has been adopted for the piping concerned. This 
material has a good resistance to impingement at- 
tack at acute bends where water velocity increases 
considerably, and it has a close relationship with 
the gun metal still used for valves. The possibilities 
of aluminum bronze are also being investigated. 
Trials have been undertaken of a system for inject- 
ing sodium hypochlorite into fire mains to prevent 
fouling by animal life, but the associated difficulties 
may make this method impracticable. It may well be 
that the ultimate solution will be plastic piping. 
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At present, pumps supplying the fire main can also 
serve the suction main via a suction valve chest, but 
the trend is towards single duty pumps with 
drowned suctions, and the use of portable pumps to 
deal with purely pumping problems. This will in- 
volve the abolition of self-priming arrangements, and 
also of the suction main. To cope with the possibility 
of flooding as the result of action damage, pumps in 
some ships during the war were made submersible 
by the incorporation of an air bell, but in view of 
the increased numbers and the wider distribution it 
is now felt that this feature is no longer a require- 
ment, with advantage to the weight, space and main- 
tenance aspects. In fact, all recent pump develop- 
ments have involved smaller and lighter units with 
improved performance. 

For a long time hoses supplied to the Fleet have 
been of unlined canvas, which has the disadvantage 
of being liable to damage by abrasion, has a tendency 
to deteriorate in spite of rot-proofing treatment, and 
has a fairly high resistance to flow as compared with 
smooth bore hoses. It has recently been decided to 
introduce rubber-lined hoses into Naval Service and 
trials are being carried out on a plastic hose with a 
P.V.C. cover and lining fused on to a synthetic rein- 
forcing fabric, for which great claims have been 
made. The standard hose size is 234 inches. War ex- 
perience showed that with a hose of this diameter 
the very restricted space available for fire fighting 
below decks made maneuverability extremely diffi- 
cult and so it was decided to use a 2 in. diameter 
hose in such congested areas. It is hoped that when 
the rubber-lined hose is in service, it may be possible 
to effect an all-round reduction in hose diameters. It 
is standard practice to stow one or two lengths of 
hose, according to the size of the ship, at each fire 
hydrant, the hose being flaked down ready for use, 
with one end connected to the water supply and the 
other end fitted with a jet spray nozzle. 


FOAM 


For dealing with fires involving flammable liquids, 
foam probably constitutes the most effective extin- 
guishing medium and has been used in H.M. ships 
since about 1923. At that time it was of the type 
produced by the chemical reaction between alumi- 
num sulphate and sodium bicarbonate in powder 
form, when mixed with water. The installations were 
capable of continuous operation and were supplied 
with water from the fire main at a pressure of 25 
Ib. per sq. in. 

Early in the war attention was drawn to the su- 
perior qualities of mechanical foam, and twin tank 
generating units were installed in ships which car- 
ried gasoline. Their operation, however, was a little 
complicated, and there were mechanical difficulties, 
notably through gumming-up of valves in contact 
with the liquid foam compound. As by this time the 
value of foam application was being more fully real- 
ized, it was decided to introduce equipment on a 
more lavish scale and to change to the much simpler 


method of generating it by using foam branch pipes 
in association with suction pick-up assemblies. There 
are no moving parts in this system and therefore 
little maintenance requirements other than washing 
through after use. The branch pipes are connected 
to fire hydrants by means of a length of hose. 

Mechanical foam is produced by thrashing a mix- 
ture of water, foam compound solution and air by 
means of a pump, or, as is done in the Navy, by tur- 
bulently mixing the three constituents in a foam 
branch pipe. The aerated product consists of about 
12 per cent water and 88 per cent air. A gallon of 
water can be converted to six to eight gallons of foam 
according to the design of the branch pipe. 

The foam compound used in H.M. ships is a pro- 
tein liquid usually derived from hoof and horn ma- 
terial, or from hydrolized blood. Slaughterhouse 
refuse is the description euphoniously applied to the 
basic ingredient. The compound is supplied in 5-gal. 
or 2-gal. containers, hermetically sealed, and when 
required is induced into the water stream by means 
of a short length of suction hose connected to an at- 
mospheric venturi in the waterhead of the branch 
pipe. The free end of the suction hose has a steel 
piercer which can be thrust through the top of the 
drum. 


Mechanical foam consists essentially of a homo- 
geneous mass of air-filled bubbles which possess 
sufficient tenacity to provide a resistant blanket 
screening the surface of the burning liquid from the 
heat which radiates from the fire, thus reducing the 
evolution of the vapors by which the flames are fed. 
For some time after its introduction, there was some 
belief that the air content would feed the fire. How- 
ever, it is recorded that successful tests were carried 
out with foam filled with oxygen, so no doubt the 
disbelievers were converted. 

Most warships which have a reasonable pumping 
capacity are supplied with foam branch pipes oper- 
ating off the fire main. In view of the possibilities of 
action damage they are required to work satisfactor- 
ily at pressures down to 35 lb. per sq. in. Outputs 
vary according to size, ranging from 350/450 g.p.m. 
of foam in the type most commonly used to 800 g.p.m. 
in the case of those intended for use on flight decks 
of aircraft carriers, A fairly stiff foam, that will stay 
where it is wanted, is generally required, but in the 
machinery bilges, which have obstructions, a free- 
flowing blanket is necessary and this is provided by 
means of a special branch pipe which generates a 
sloppy foam with a somewhat higher water content. 
Like all other fire fighting appliances, when foam 
branch pipes are needed they are needed quickly. 
They are therefore supplied on a liberal scale and 
are sited in positions related to the risks they cover, 
with the necessary complement of drums of com- 
pound. A typical aircraft carrier, for instance, has 
twenty-eight larger type appliances on the flight 
deck, fourteen of the same type in the hangar, 
twenty-six sloppy foam producers for machinery 
spaces and five of the smaller 350/450 g.p.m. variety 
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placed around the ship for dealing with flammable 
liquid fire outside machinery spaces. 


SPRAY SYSTEMS 

Spray systems are fitted in those compartments in 
a warship where a severe hazard exists and where 
an early and overall attack is essential to prevent 
an incident becoming catastrophic, e.g., magazines, 
oxygen compartments, gasoline control compart- 
ments, flammable stores, spirit rooms and hangars in 
aircraft carriers. 

Some of these compartments, notably magazines, 
are fitted additionally with flooding arrangements, 
but the protection so provided is not fully effective 
until the compartment has been filled. It is required 
that magazines can be flooded direct from the sea in 
fifteen minutes with the ship floating at the load 
waterline, but this is a long time for a fire to rage. 
Spraying gives immediate protection and its effect 
on buoyancy and stability is less drastic. Further- 
more, it does not necessarily put a magazine out of 
action. When flooding is carried out, spray valves 
are, or should be, operated first. Spraying is also a 
valuable preventive measure in the event of a fire in 
an adjoining space. 

Except in hangars, all spray systems fitted in 
Naval vessels operate off the fire main and water 
requirements for this purpose are taken into account 
when pumping capacity is being determined. Sys- 
tems are normally non-automatic, the grids being 
fitted with 1% in. orifice sprinklers, usually spaced 7-9 
ft. apart. In magazines, care is taken to ensure that 
the tops and fronts of stowages can be well wetted 
as well as bulkheads. Under fire fighting conditions, 
a pressure at each sprinkler of between 10 and 15 
Ib. per sq. in. can be realized and this is sufficient to 
ensure complete coverage throughout the compart- 
ment. Control valves can either be operated locally 
by hand, or remotely by rod gearing and hand- 
wheels. In latest ships, spray valves can be operated 
hydraulically from two remote positions as well as 
manually at a local position. It is relevant to note 
that one of the lessons learned in the last war was the 
danger of fitting aluminum handwheels which were 
liable to melt if involved in a fire. 


With the introduction of more advanced weapons, 
involving an increase in the combustible carried in 
the associated magazines, it has been decided to in- 
troduce electrically-operated fire detectors, and an 
automatic spray system in the spaces concerned. The 
detection system selected is based on rate of rise of 
temperature, and as soon as a detector functions a 
relay causes the solenoid spray valve to open. 


Spray systems, except those fitted in hangars, are 
dependent on the fire main and this could be a seri- 
ous disadvantage in the event of action damage. 
There seems no easy way out of this difficulty, but 
some work has been done on a scheme for spraying 
magazines sited low down in the ship, direct from the 
sea. It has been demonstrated that with heads of 
water as low as 4 feet, spraying requirements can 
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be met provided an efficient means of distributing 
the water can be devised. The obvious advantage of 
direct sea spray is the unlimited availability of 
water, although problems of heel and trim in damage 
conditions would clearly have to be considered when 
defining the minimum head acceptable in the intact 
condition. 


Automatically-operated spray arrangements are 
fitted in the passenger accommodation spaces of the 
Royal Yacht Britannia. The system is similar in 
all respects to that fitted in passenger ships. The 
sprinkler heads are of the quartzoid bulb type. The 
bulb is frangible and is nearly filled with a highly 
expansible liquid. When fire occurs, the heat causes 
the liquid to expand, shattering the bulb and releas- 
ing a valve, thus allowing the water to pass. Systems 
such as these contain water right up to the sprinkler. 
Initial water supplies are from a tank containing 
about 500 gallons of water pressurized with air to 
100 lb. per sq. in. As the water level in the tank 
drops, a centrifugal pump taking suction from the 
sea automatically cuts in. A feature of the automatic 
system as fitted in Britannia is that only those 
sprinkler heads affected by the fire are operated. 
Sprinkler systems of this type are essentially first- 
aid appliances, the aim being to deal with a fire in 
its very early stage. 


MACHINERY SPACES 


The problem of fire fighting and fire prevention in 
the machinery spaces of most warships only differs 
in degree from that in other vessels. Warships’ ma- 
chinery spaces differ from those in merchant vessels 
in that they are more congested, which makes the 
location and extinction of a fire an exceedingly 
awkward business. 


Even in a congested engine room a fire probably 
starts in a small way, so first-aid fire fighting appli- 
ances are kept handy. These are two-gallon foam 
extinguishers fitted with short hoses because of the 
probability that fires will be inaccessible. 

There are fire hydrants in all main machinery 
spaces and hoses attached to them. Since fires in 
these compartments are always likely to involve oil, 
a special branch pipe is provided which gives a spray 
only. 

With this equipment it is considered that all but 
very large fires can be extinguished. Machinery 
space fires can very rapidly become uncontrollable 
by ordinary means, so further arrangements are 
made by which the fire can be fought after the com- 
partment has been evacuated. 

In every machinery space, tubes are built into the 
structure, extending from the deck at the crown of 
the compartment or thereabouts down to about 4 
feet from the bilge. Four tubes roughly at the cor- 
ners are normally fitted to a large compartment and 
one or two in a small one. If the compartment has to 
be exacuated, foam can be poured down these tubes, 
using the ship’s main foam appliances until the com- 
partment is almost filled with foam—it would, of 
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course, be expected that the fire would be out long 
before this. The tubes are directed against a bulk- 
head or other flat surface at the bottom and holes 
are left at the top to allow the foam to escape if the 
bottom of the tube is submerged. 

The second major appliance is a steam drenching 
system, by which steam can be distributed over the 
machinery space through open-ended pipes near the 
crown of the compartment. The valves for operating 
this system are outside or just inside the compart- 
ment. 

Arrangements are also fitted for shutting off the 
fuel supply to the boilers from outside the compart- 
ment. 

A new problem has arisen with the advent of boil- 
ers totally enclosed in their own air casings. It has 
always been well known that the area under a boiler 
presented a particularly acute fire risk—especially 
if, as sometimes happens, a certain amount of oil ac- 
cumulates there. With enclosed boilers, this fire is 
inaccessible and could easily damage boiler casings 
seriously before it could be reached. Ships with this 
type of boiler are now having a permanent fixed 
foam installation fitted in the boiler room which will 
discharge foam into the air casing of the boiler 
through a fixed pipe system. The extra weight and 
space is regarded as justified for such a potent source 
of trouble. 

The foregoing arrangements are designed for 
steam-driven ships with oil-fired boilers. Until re- 
cently, the Navy had few Diesel-driven ships except 
submarines, but with the introduction of Diesel- 
driven surface warships and possibly of gas turbine 
ships, it has been necessary to seek an alternative to 
steam drenching. The first-aid and major foam ar- 
rangements remain as they are. 

With a certain amount of reluctance, it has been 
decided that Diesel ships must have a CO, drench- 
ing system: The reluctance is not due to the medium 
itself—there is no finer non-toxic extinguishant than 
CO., but this has the disadvantage of being a one 
shot system. It could be made a two-or-more shot 
by having more bottles, but the weight cannot be 
accepted. 


The CO, system has not been made automatic nor 
is it allied to an automatic alarm, because the ma- 
chinery spaces are frequently patrolled when not in 
use and automatic devices are open to failure in ac- 
tion or under the effect of underwater explosions, or 
even the ship’s own gunfire. 

The question of automatic alarms has been recon- 
sidered recently because the machinery in new con- 
struction is designed for operation from a remote 
machinery control room, However, this is really a 
battle arrangement and, although it will also be used 
in peacetime, the engine room will then be patrolled, 
if not actually occupied. In action, the machinery 
spaces may be deserted for some time, but there will 
be small windows for visual inspection and a com- 
plicated system of alarms does not seem to be justi- 


fied. 


FIRE FIGHTING IN SMALL CRAFT 


The large numbers of small vessels in the modern 
Navy have their special problems. Many craft are 
driven by machinery using high octane gasoline and 
they are frequently constructed of wood or other 
combustible material. Weight and space limitations 
are particularly severe. 

Practically all our small craft are fitted with a 
fixed installation using methyl bromide. A typical 
layout consists of four 24-Ib. cylinders of compressed 
gas communicating with pipes led to the engine room 
and the gasoline tank compartment and arranged 
for remote operation from the entrance to the com- 
partment and from the bridge. 

Because of its toxicity, methyl bromide is being 
replaced, in the same installation, by chlorobromo- 
methane mixed with 20 per cent freon. 


Although CB/freon is safer than methyl bromide, 
it is still toxic on a fire. Investigations are in progress 
to evaluate the use of dry chemicals on small ship 
fires. It is certainly effective on the fire—it also stops 
the engines. 

Closely allied to the problem of small ship fire 
fighting is that of submarines, where the outstanding 
feature of fire fighting is that in every compartment 
there is electrical apparatus which is vital to the ex- 
istence of the ship. Gas water extinguishers are pro- 
vided for first-aid fire fighting and specially insulated 
hand foam extinguishers are available for dealing 
with small oil fires. 


In anything approaching a major conflagration, the 
most effective measure is to seal the compartment 
and smother the fire—this is, of course, much easier 
in a submarine than in any other ship. 

A major fire in a submarine is not very probable. 
The men in the vessel are working, living and sleep- 
ing in every compartment and it is almost impossible 
for an outbreak to be undetected. In action, for ob- 
vious reasons, fire is less likely than flood. 


SPECIAL HAZARDS 
Avgas Stowages 


Avgas, or gasoline, is one of the most dangerous 
flammable liquids in general commercial use and 
constitutes a special hazard when carried in a ship. 
The flashpoint, the temperature at which the liquid 
gives off sufficient vapor to form an ignitible mix- 
ture with air, is always well below normal ambient 
temperature. The vapor is much heavier than air 
and may flow or drift a long way from the liquid 
source, and if the train of vapor encounters a flame 
or other form of heat a flashback will occur resulting 
in the ignition of the liquid source with, possibly, an 
explosion. It must be realized that a cupful of gaso- 
line has the potential explosive effect of 5 Ib. of dyna- 
mite; that one gallon yields about 25 cu. ft. of pure 
vapor, which is sufficient to produce nearly 2,000 cu. 
ft. of a flammable mixture; and that the optimum 
concentration will give an explosive force of 120 lb. 
per. sq. in. The catastrophic possibilities of an inci- 
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dent in a ship involving gasoline can readily be 
imagined. Unfortunately, in spite of every care and 
attention to detail in handling and stowage, incidents 
do occur from time to time. During the war, every 
navy suffered loss directly attributable to damage to 
gasoline stowages. So far as the Royal Navy is con- 
cerned, it is a happy thought that the introduction of 
jet aircraft using kerosene as fuel will mean a very 
great reduction in shipboard hazards. However, since 
the turnover to jets is not yet complete, the risks 
associated with gasoline must continue to be met. 


Stowage of gasoline in warships is mainly restrict- 
ed to aircraft carriers but there are some other ves- 
sels, such as surveying ships and landing craft, which 
are required to carry this fuel in bulk. Until recently, 
the stowage in carriers consisted of drum type tanks 
fitted in the fore end of the ship below water level, 
piping connections being made flexible enough to al- 
low for a certain amount of vertical movement as a 
result of shock. These gasoline compartments were 
not in the first place kept filled with water, but as a 
result of an explosion in 1936 in the Italian cruiser 
Goritza, which carried drum tanks of gasoline in the 
fore peak, it was decided to keep them permanently 
flooded in wartime. This later became peacetime 
practice. To meet operational requirements for an in- 
creased stowage of gasoline, bulk stowage has now 
been adopted, with welded tanks forming part of 
the ship’s structure. Surrounding each tank is a ven- 
tilated cofferdam fitted with a number of small bore 
tubes through which samples of its atmosphere can 
be drawn for test by explosimeter. Cofferdams can, 
in an emergency, be flooded direct from the sea. Ven- 
tilation is by fan exhaust and natural supply, with 
duplicate exhaust fans each having sufficient capaci- 
ty to give twelve changes of air per hour. It is inter- 
esting to note that the Joint Committee on Fire 
Grading of Buildings which recently investigated 
the precautions necessary against fire and explosion 
in underground car parks, recorded that the lower 
limit of flammability would not be reached until 100 
per cent of the floor area was covered with gasoline, 
provided the ventilation was at the rate of ten 
changes per hour. 

An alternative method of protection by inerting 
the cofferdam with the nitrogen by-product from the 
oxygen-producing plant in the ship has been con- 
sidered. This, however, involves complicated and 
vulnerable instruments for the detection of gasoline 
vapor in such an atmosphere and for the determina- 
tion of the degree of inertness provided. 

Although the ventilation method is thought to be 
slightly less positive than inerting, its simplicity is 
greatly in its favor, and it is therefore likely to be 
retained in H.M. ships, especially in view of the di- 
minishing requirements for gasoline stowage. 

Air driven portable pumps and fans are supplied 
to clear away liquid gasoline or gasoline vapor in 
compartments affected by action damage involving 
gasoline stowages. The pumps weigh only 56 Ib. and, 
when operated at an air pressure of 80 Ib. per sq. in., 
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each will deliver 140 gallons per minute through 50 
feet of hose to a height of 40 feet, with correspond- 
ingly greater outputs at a reduced lift. The pumps 
and fans are operated from the l.p. air system. 


Flight Decks 


Flying operations off a carrier involve, in peace 
as well as in war, the possibility of an aircraft crash 
fire. Fortunately, such incidents do not happen very 
frequently and there is reason to believe that in the 
future they will become even less frequent as a re- 
sult of the introduction of the angled flight deck. 
Nevertheless, when they do occur, the safety of the 
ship may be endangered. Training and drills are 
based on the rescue of the pilot as being the primary 
object, and this is subordinate to fire fighting only 
when the safety of the ship is involved by reason of 
the spread of fire or by the presence of explosives in 
a fire. It is essential that aircraft crash fires be dealt 
with quickly and effectively and considerable atten- 
tion has been paid to the improvement of flight deck 
fire fighting arrangements. 


In older carriers, flight deck hydrant pressures are, 
generally speaking, low. Water supplies in these ves- 
sels are taken from the ship’s fire main; when this is 
new and with the pumps working at full speed and 
all extraneous services shut down, a reasonable pres- 
sure of 50-55 Ib. per sq. in. can be realized. In prac- 
tice, however, pumps are seldom run at full speed, 
domestic and other requirements from the fire main 
fluctuate considerably, and the fire main system, in- 
cluding the pumps, tends to deteriorate in efficiency. 
Pressure at flight deck hydrants therefore tends to 
be low, often approaching the minimum necessary 
for the satisfactory operation of foam branch pipes. 
The latest carriers will have a special flight deck fire 
main not connected to the ship’s fire main or any 
other service, and supplied by three or four inde- 
pendent pumps used for no other purpose and capa- 
ble of giving 100-110 lb. per sq. in. at flight deck 
hydrants. It is intended to use an inline inductor at 
each hydrant, the loss of pressure across it being 
acceptable since 60-70 lb. per sq. in. will still be 
available at the branch pipe. 

Hydrants on flight decks are sited at 60 ft. inter- 
vals at each side of the ship, to give ample coverage. 
They are fitted in convenient positions in walkways 
and in the vicinity of the island, together with the 
associated hoses, foam branch pipes and drums of 
foam compound. In existing carriers, where the foam 
compound is induced at a branch pipe on the end of 
a line of hose, the drums of compound must be 
trundled across the deck. In carriers fitted with in- 
line inductors, the drums of foam compound will 
remain at the hydrant position, the compound itself 
being induced by means of a short length of suction 
hose connected to the inductor. 

The branch pipes in older carriers produce 800 
g.p.m. of foam. With the increased pressures avail- 
able in vessels fitted with the separate flight deck fire 
main, it will be possible to introduce an improved 
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appliance generating 1,050/1,100 g.p.m., with the 
added advantage of a special flaking device by means 
of which a snowfall effect can be produced, as well 
as the normal jet. Directing jets against the fuselage 
of a burning aircraft leads to a considerable run off. 
The flaker will, if conditions are right for its use, help 
to conserve foam by ensuring that most of it falls on 


the fire. 


It is usually reckoned that about 45 seconds is the 
maximum time available in which to rescue a pilot 
from an aircraft crash fire. Until recently, rescue 
equipment consisted of a wheeled unit carrying a 
40-lb. cylinder of CO, at 850 lb. per sq. in. The gas 
provided protection to the rescue personnel. For 
some time, however, it has been thought that CO. 
was not the best medium for the purpose and carriers 
have now been equipped with mobile units, each 
containing 150 lb. of dry chemical which can be dis- 
charged through a 50-ft. length of hose by com- 
pressed CO,.. The standard dry chemical is sodium 
bicarbonate, although other and, reputedly, more 
effective powders are available. A cloud of powder 
discharged under pressure has a remarkable extin- 
guishing effect and also provides excellent protection 
from the heat of the fire to the personnel operating 
the unit. 


Hangars 


In Naval phraseology, hangars are known as 
dangerous areas. They are more or less enclosed 
spaces with center line elevators, in most carriers, 
for taking aircraft up to the flight deck. Elevators 
are normally fitted with gas seals. A gasoline fueling 
line runs on each side of the hangar with fueling 
points at intervals. Except when aircraft are being 
fueled or defueled, the lines are empty, but during 
fueling operations with the lines under pressure and 
aircraft tanks full, there is always the possibility 
that leakage or spillage of gasoline or gasoline vapor 
may occur. Every precaution is obviously taken to 
avoid the presence of a source of ignition. 


During fueling or defueling, aircraft are bonded to 
the deck, and the special hoses for the purpose are 
bonded to the aircraft. In order to provide suitable 
facilities for maintenance work in hangars, two se- 
curity conditions are observed, (i) Fuel Danger 
State, and (ii) Fuel Stowed State. Generally speak- 
ing, the Fuel Danger State is proclaimed during 
fueling and defueling, when spraying with dope, if 
a leakage has been discovered, or if fuel has been 
spilled. There is not scope in this brief resumé to 
remark on the full nature of the precautions taken 
or the relaxations where risks can safely be local- 
ized. However, they do cover especially the use of 
electric circuits over 15 volts below a 5-ft. level, elec- 
tric tools of all kinds, portable electric lights other 
than flameproof types, and a wide variety of hand 
tools. All these are prohibited when the hangar is in 
the Fuel Danger State. In the Fuel Stowed State, the 
restrictions are removed, provided full normal ven- 
tilation is maintained. 


Hangars are kept well ventilated at the rate of 
twelve changes of air per hour, with forced exhaust 
and natural supply. The system is separate from the 
ventilation of any other part of the ship. Fans are 
fitted with flameproof motors and special arrange- 
ments are made to prevent sparking in the event of 
fan rotor blades touching the casing. It is general 
experience that under normal ventilated conditions 
there is little danger of gasoline vapor collecting in 
explosive quantities. The last reported instance of an 
incident in a hangar arising from gasoline was in 
1946. 

All the foregoing relates to fire prevention, which 
is the basis of all fire protection. Should an incident 
occur, however, equipment to combat it is well dis- 
posed about the hangar. Fire hydrants are spaced 
port and starboard, usually with double hose con- 
nections, At each hydrant is stowed a large-size foam 
branch pipe, drums of foam compound, an 80-ft. 
length of hose and a jet spray nozzle. 

A spray system is also fitted in the crown of the 
compartment, consisting of a series of non-automatic 
¥-in. flat star sprinklers arranged 10-12 feet apart. 
The sprinklers are supplied through a suitable piping 
system by three or four single-speed centrifugal 
pumps sited below the waterline. The pumps can be 
operated by switches in each hangar access lobby 
and from a Hangar Control Position. Spray valves 
are operated by large handwheels in the access lob- 
bies. The capacity and delivery pressure of the 
pumps is such that any two sections of a hangar can 
be sprayed concurrently with an average sprinkler 
flow pressure of about 15 Ib. per sq. in. 

Essential features associated with the hangar 
spray system are the fire curtains and the scuppers. 
The fire curtains are of reinforced asbestos cloth and 
can be either hand- or power-operated. They divide 
the whole hangar into sections 120-160 feet long. 
Their function is to afford a firebreak and also to 
reduce the air supply to a fire. At one time, the fire 
curtains were roller shutters made of steel slats, but 
war experience showed that an explosion in a hangar 
could disintegrate the slats, and cases were reported 
of serious casualties to personnel due to flying frag- 
ments. Asbestos curtains are not susceptible to this 
hazard and also respond more easily without being 
damaged to changes in atmospheric pressure when 
spray is used on a fire. 

Adequate scuppers are fitted in view of the large 
area which can become flooded. In order that they 
can function adequately, they are provided with long 


perforated covers as a protection against choking by 
debris. 


FIRST-AID EQUIPMENT 


Shakespeare said that a little fire is quickly trod- 
den out, which being suffered rivers cannot quench. 
On a lower level of phraseology, most fires if tackled 
at once can be dealt with by hand appliances, if these 
are available, together with personnel trained in 
their use. It is the aim in H.M. ships to provide both 
these requirements. Neither of these, however, was 
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conspicuously present in the Fleet of 1939. There 
were chemical foam extinguishers in boiler rooms 
and a few carbon tetrachloride appliances for wire- 
less rooms. Elsewhere there were buckets of water, 
but these, although useful, were inadequate for cop- 
ing with the many small fires which so often followed 
a shell or bomb explosion. 

The position was radically altered by introducing 
a water-type portable extinguisher into the Service 
in sufficient numbers to provide good distribution 
and by increasing the allowances of those types al- 
ready in use. 

In the Fleet today foam-type extinguishers are 
supplied to cover flammable liquid risks, water-type 
for carbonaceous fires and CO, for electrical fires. 
This is more or less in accord with practice in mer- 
chant ships. 

Numbers supplied are based strictly on require- 
ments, without over-elaboration, since main equip- 
ment is readily available to back up the first attack. 
Table I gives examples of the scale of supply. 


TABLE I 
Foam Water CO. 
Destroyer or frigate 23 20 18 
Cruiser 35 60 30 
Carrier 90 120 52 


No piece of equipment is accepted for use in the 
Fleet without undergoing extensive trials at the 
Admiralty Fire Test Ground at Haslar. Although 
there has been no marked change in design of port- 
able extinguishers for several years, considerable 
work is now being carried out by various commer- 
cial interests on the development of new types. 


PORTABLE FIRE PUMPS 


Early in the war it became clear that there was an 
urgent requirement for a self-contained pump for 
fire fighting. Before 1939, the only portable pumps 
carried in warships were a small motor-driven re- 
ciprocating pump of 5 tons per hour capacity, and 
an electric submersible of 50 tons per hour capacity. 
The first was too small for most purposes and the 
second very heavy. 

Both these pumps suffered from being electrically 
driven; if the ship lost power they were therefore 
useless and at this time there were many ships in 
service which had only steam-driven generators. 
Damage to the steam installation in one of these 
ships, if it started a fire, could cause the loss of the 
vessel from fire alone, since without steam no pump- 
ing capacity was available. 

There is, moreover, in war—and indeed in peace— 
a fairly frequent demand for a fire pump to be sent 
to another ship, or away in a boat as an improvised 
fire float, or to be landed for fire fighting or salvage 
work, and for any of these duties the prewar pumps 
were useless. 

It was therefore agreed that a self-contained pump 
must be provided and, as it was necessary to do 
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away as far as possible with gasoline engines, it was 
inevitable that the new fire pump should be Diesel- 
driven. The pump selected was two cylinder Diesel- 
driven, with a capacity of 27 tons per hour at about 
50 lb. per sq. in. discharge pressure. It has proved to 
be robust and reliable and we!l up to its work 
Ashore and afloat it has extinguished fires and 
pumped out floods all over the world, and practical- 
ly every ship in the Royal Navy from frigates up- 
wards has at least one of these pumps. Its serious 
disadvantage is in its weight and size. It weighs 625 
Ib. and is about 4 ft. 6 in. x 2 ft. 6 in x 2 ft. 3 in. It is 
difficult to manhandle between decks—almost impos- 
sible if the ship is listing—and with the increasing 
congestion of the modern warship, it is virtually im- 
mobile unless stowed on the upper deck. 

The Diesel pumps are to some extent restricted by 
their suction hoses. Unless the ship is stopped, it is 
difficult to obtain a suction over the side and there- 
fore internal standpipes are fitted at various points 
about the ship. There are a fair number of these, but 
it may not be possible to concentrate all the pumps 
in one area, Sufficient hoses are provided to lead the 
exhaust gases to a convenient opening. 

As a last resort, most small ships are provided with 
a two-man manual pump capable of operating one 
quarter inch nozzle at 30 lb. per sq. in., principally 
intended for use with an FB(O) foam-making 
branch pipe. This pump is readily portable and can 
be used anywhere provided the suction lift is not 
more than about 10 feet. 


As a result of complaints from sea about the weight 
and clumsiness of the Diesel fire pump, efforts are 
being made to find a substitute. A Diesel pump 
weighing about 400 Ib. looks the most promising and 
is undergoing trials at present. It is unfortunate that 
because of the fuel fire risk, use cannot be made of 
the many light and efficient gasoline-driven pumps 
available. As a second string, trials are being started 
of a gas-turbine-driven pump, which only weighs 
about 200 Ib. and the containing cradle is 2 ft. 10 in. 
long x 1 ft. 9 in. wide x 2 ft. 2 in. deep. It has an out- 
put of 150 tons per hr. at 100 Ib. per sq. in. and is 
simple to start and run; but it has two disadvantages 
—the noise, which is probably acceptable in emer- 
gency, and the exhaust gases, which are not. The 
simple exhaust hose solution is impossible because 
of the temperature. The possibility of cooling the 
exhaust sufficiently to make a hose practicable is be- 
ing examined. 

A development which has rendered portable 
pumps of less vital importance is that in many new 
construction ships at least one of the ship’s Diesel 
generators is fitted outside the main machinery com- 
partments. This means that a total loss of electric 
power is much less likely and there would seem to 
be a case for a reduction in the number of pumps 
carried. The Diesel pumps cannot all be got rid of 
because experience has shown their value for use 
outside the ship—indeed, they have been used much 
more for this than inboard. 
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PERSONAL EQUIPMENT 


During the last seventy years, much thought has 
been given to the personal protection of men en- 
gaged in ship fire fighting. The object was to devise 
a garment easy to put on and wear, which would 
enable a man to approach sufficiently close to a fire 
to have the best chance of putting it out. It is not 
intended in ship fire fighting that a man should be 
able to go into the flames. After many trials and 
experiments, nothing has been found better than 
fearnought, a type of very heavy white woolen cloth, 
usually in the form of a loose jacket and trousers. It 
is durable, easy to stow; it can be worn, with some 
discomfort, for quite long periods and it is cheap. It 
gives good protection in a fire and although it will 
char, it burns with difficulty, especially if given a fire 
retardant treatment. 

Fearnought gauntlets are worn with this suit. 
Special anti-flash gear consisting of a steel helmet 
and hood is supplied for protection from flash burns 
in action, and this equipment is also used for fire 
fighting. The equipment can be worn over the salvus 
or smoke mask facepiece. 

Practically every fire in a warship is accompanied 
by very dense smoke, usually black, which no light 
will penetrate. Although various forms of emergency 
and portable lighting are available, men in fire 
parties must therefore be trained to move around in 
darkness. Ship knowledge is invaluable. 

In addition to obscuring the vision, the dense 
smoke makes breathing difficult or impossible. War- 
ships are provided with two sorts of breathing appa- 
ratus; the salvus—a self-contained oxygen set—and 
the smoke mask, which is a service anti-gas respira- 
tor facepiece attached to a long tube which can be 
led away from the smoke to a clear atmosphere. 

The salvus is a first-class piece of equipment, com- 
fortable to use and with a good endurance. Unfor- 
tunately, it is not very easy to operate and requires 
a trained wearer. For this reason a compressed air 
breathing apparatus is being developed which, it is 
hoped, will be simple to wear and have a fairly good 
endurance. Logistically, it will be an improvement, 
since refills of air are available wherever there is a 
compressor. 

The smoke mask has recently been modified by 
replacing the facepiece with one similar to that used 
by shallow water divers and it is hoped that this will 
give better vision. 

One refinement of the smoke mask is that in ships 
with l.p. air supplies, a connection is provided in the 
boiler and engine rooms to enable men on watch to 
connect their facepiece to this air supply and con- 
tinue their work even though the boiler room is full 
of smoke. This arrangement was provided after sev- 
eral boiler rooms had to be abandoned due to smoke, 
although caused by a comparatively minor fire else- 
where in the ship. In most existing boiler rooms, of 
course, it is impossible to shut off the air from the 
fans as this is also the combustion air. 

“Training men in the use of breathing apparatus 


and smoke masks can best be done in their own 
ships. A popular method is to arrange a suitable ob- 
stacle course and then put the victims in the salvus 
or smoke mask with the eyepiece blacked out. This 
gives the wearer practice in feeling his way around, 
while his instructor can prevent him from coming 
to any harm. It is also vastly entertaining to the on- 
lookers. 
SHIP ORGANIZATION 


It will be simplest to give a brief outline of the 
action arrangements and then deal with the peace- 
time sea and harbor arrangements, The organization 
of a ship varies considerably from vessel to vessel— 
and sometimes from captain to captain—so the fol- 
lowing description should be regarded merely as 
typical. 

The fire fighting organization of a warship in war 
is part of the Damage Control Organization, which is 
only one factor of the A.B.C.D. organization. This 
title stands for Atomic, Biological, Chemical and 
Damage Control and embraces all aspects of the 
ship’s activities which are purely defensive. 

The Executive Officer (second in command) is 
responsible to the captain for the overall efficiency 
of the A.B.C.D. organization, but since he cannot 
give personal attention to the details, a specially 
trained A.B.C.D. officer is appointed to ships larger 
than destroyers. 

In action, the A.B.C.D. officer is stationed in a 
central headquarters where he can be informed of, 
and control, any damage that may occur. For con- 
venience, the ship, depending on its size, is divided 
into a number of sections for A.B.C.D. purposes. 
Each section is under the general charge of a junior 
officer, usually, but not necessarily, an engineer. 
This officer will have a number of Chief and Petty 
Officers and other ratings who collectively form the 
fire and repair parties. These ratings are primarily 
men of the Engineering Branch not actually on 
watch below, with a leavening of men from other 
branches. Very few seamen are included in fire and 
repair parties because the seamen complement is 
based on the numbers required to man the arma- 
ment. 

The numbers in this organization vary consider- 
ably, but in a medium-size cruiser with a war com- 
plement, one would expect the A.B.C.D. organiza- 
tion to be divided into three sections. Each section 
would probably have two or three fire parties, each 
composed of a Petty Officer and about six men. 

At action stations, the fire parties are spread 
around the ship at fire posts, which have telephones 
and a locker containing various fire fighting gear. 
Continuous patrols, each consisting of two men, are 
sent out so that every part of the ship is frequently 
visited to ensure that no damage or fire remains un- 
detected. If a fire is discovered, one man starts work 
on it while the other reports it to his fire post by tele- 
phone or other means. The fire is immediately re- 
ported to the section base where the section officer 
is stationed. The P.O. in charge of the fire party will 
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meanwhile have taken his party to the fire and com- 
menced operations. Should he need help, his section 
officer will provide it from other parties. The 
A.B.C.D. officer in Headquarters is kept informed of 
progress and if the situation calls for it he may ar- 
range help from other sections, or, in great emer- 
gency, even from the crews of disengaged armament. 

The whole organization is based on flexibility, and 
through the Headquarters the fire fighting effort— 
or any other part of the organization—can be 
switched rapidly from one incident to another. 

Although this organization is for action, it is al- 
ways available, and even in peacetime if a dangerous 
fire develops, it is open to the captain to call his ship’s 
company to the action state and then deal with the 
emergency as if it were action damage. 

Fortunately, a major fire in peacetime is a rare 
occurrence and it would be an unacceptable waste 
of effort if every time a small fire was discovered the 
ship went to action stations. A peacetime organiza- 
tion of fire parties is therefore built up which are 
designed to cover all the various states in which a 
ship can find herself, from being half demolished 
in dockyard hands to giving a children’s party for 
five hundred guests in New York. Flexibility is, of 
course, essential. 

The peacetime arrangements for fire fighting in 
harbor are based on the duty watch. Since leave is 
normally given to three-quarters of the ship’s com- 
pany each night, the watches are divided into a duty 
and non-duty part of the watch. It is the duty part 
which provides the Emergency Party. The Emer- 
gency Party will include the fire party and is under 
the control of the officer of the watch. The Emer- 
gency Party consists of ratings of all branches and is 
exercised daily at 5 p.m. At this exercise, members 
of the fire party produce all the equipment required 
for fighting fires and the necessary keys for obtain- 
ing access to locked compartments and magazine 
spraying and flooding valves. Various members of 
the party are told to work the equipment and to find 
their way to unfamiliar places in the ship. The 
Emergency Party exercise today is taken very seri- 
ously, and the most exacting Commander will over- 
look a little damaged paintwork if he knows his 
Emergency Party can rig a portable pump on the 
forecastle in a shorter time than anyone else in the 
squadron. The Engineer Officer of the day always 
attends when the Emergency Party is exercised. 

It is, of course, very important that the daily fire 
exercise should not be allowed to become a matter of 
routine and a good deal of imagination is required to 
ensure that it is not the same old “Fire in the galley” 
every night. Such imagination is usually forthcom- 
ing, although at the end of a long commission one is 
apt in the search for something new to find the 
Emergency Party carrying out some highly improb- 
able evolutions. 

The Emergency Party are not kept up all night; 
they sleep in a special place where they are readily 
on call. 
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At sea, in peacetime, the procedure varies fairly 
widely. In larger ships, a skeleton A.B.C.D. organiza- 
tion is frequently kept in being; in smaller ships 
there may be a variation of the Emergency Party 
routine. 

Records show that an unduly large proportion of 
fires in warships occur when they are undergoing 
repairs with workmen on board. In addition to a rel- 
atively high smoking risk, there is the acute danger 
from electric and oxy-acetylene welding. In spite of 
repeated warnings and innumerable orders on the 
subject, welding is still one of the worst fire enemies. 
Ships’ officers must be told of any welding opera- 
tions on board. Welding on obviously dangerous 
bulkheads is forbidden. Welders and ship’s company 
are told to ensure that both sides of a bulkhead are 
safe before welding starts and everybody is warned 
about the danger of sparks on combustibles such as 
rags, etc. Still fires happen. 


TRAINING 


Every officer and rating receives during his initial 
training a short course in the basic principles of 
A.B.C.D., including fire fighting. Of necessity, this 
training is elementary and must be backed up by 
ship training at the earliest opportunity. It is impos- 
sible to over-emphasize the importance of training 
men in their own ship under their own senior ratings. 
Ship knowledge is all-important. Most men can be 
taught in a few minutes how to put out quite a large 
fire in a tray in the open with extinguishers ready 
at hand. To extinguish a much smaller fire in some 
inaccessible part of a congested warship is a very 
different thing unless men are thoroughly familiar 
with the ship and its equipment. 

In order that men shall gain confidence in their 
equipment, fire fighting schools exist in the major 
ports at home and abroad. The schools are as near to 
dockyards as possible so that complete teams from 
ships can go to them for training. Courses consist of 
a preliminary one-day course for beginners and an 
advanced course for the more expert. In addition, 
ships’ fire parties are encouraged to use the fire 
schools for refresher courses. These are also includ- 
ed in the syllabus of the various Damage Control 
Courses. 


The fire fighting schools have a dummy ship sec- 
tion and large and small pits for fighting various fires. 

The principal A.B.C.D. training establishment is 
at Portsmouth. The fire fighting section is equipped 
with a two-decked dummy ship section in which fire 
fighting can be practiced under conditions of realism. 
There are various pits, including one of over 800 
square feet for fighting large oil fires using major 
appliances, and a number of installations for fighting 
specialized fires, of which the most impressive is a 
simulated fish fryer. 

There are also lecture rooms and sheds for in- 
struction in every aspect of the subject, Visual aids 
and films are extensively used, but above all every- 
body under instruction actually fights the fires. In 
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addition to Naval personnel, the fire school at Ports- 
mouth has given instructions to a number of civilian 
fire officers, members of N.A.T.O. and other foreign 
navies, and to hundreds of officers of the Merchant 
Navy. 

Some instruction in aircraft fire fighting is given 
at fire fighting schools, but the Fleet Air Arm has its 
own fire fighting section in the School of Aircraft 
Handlers at Gosport, where instruction is given in 
the technique of aircraft fire fighting ashore and 
afloat. Although strictly the subject is outside the 
scope of this paper, it should be mentioned that the 
organization for fighting aircraft fires on board ship 
is separate from the Damage Control organization. 
Its manpower is drawn from aircraft handling rat- 
ings of the Fleet Air Arm and the methods used are 
similar to those used ashore, except that mobile 
crash tenders are replaced by equipment operated 
from a flight deck fire main system. 


COLD WEATHER AND ARCTICIZATION ARRANGEMENTS 


Ships which operate in cold weather or under 
arctic conditions are as liable to fires as any other; 
perhaps more so, since there is much greater empha- 
sis on heating. The problem is to ensure that water 
and appliances can be used in the temperatures 
likely to be experienced. Admiralty requirements 
are based on 25° F for cold weather and 10° F for 
arctic conditions, but it is possible that the latter 
will be superseded by a new N.A.T.O. stand- 
ard. 

The cold weather arrangements can be described 
briefly in general terms. Exposed pipes and flanges 
and spraying arrangements are lagged, as are the 
ring main and rising mains of hangar spray systems. 
Weather deck hydrants are fitted with an additional 
valve in the supply branch, well inside the main 
structure, so that exposed lengths of piping can be 
drained. Alternatively, these hydrants are fitted 
with steam coil heating and both pipe and steam 
coil well lagged. The latter method is used for flight 
deck fire hydrants. Where necessary, stowages for 
foam and water-type portable extinguishers are in- 
sulated and fitted with steam heating. This treat- 
ment is also applied for drums of foam compound 
at exposed hydrants. The arctic precautions include 
the foregoing, with the added requirement that fire 
pumps must take their suctions from the discharge 
side of the main condenser or drain cooler or similar 
discharge, so that warm water can be delivered to 
the fire main. Where the extreme fore and after ends 
of the fire main are exposed, 14-in. diameter leak- 
offs are fitted to ensure a continuous circulation of 
water. The leak-offs discharge either directly over- 
board or into a scupper with a warmed storm valve. 

Air escapes and ventilation openings to gasoline 
compartments and compartments which contain 
other low flashpoint liquids are fitted with anti-flash 
gauzes, with steam-heated coils to keep them free 
from ice, the coils being shrouded from the direct 
influence of wind, snow or spray. 


STANDARDIZATION 


Because it is desirable for all three Services to use 
common equipment if this can be arranged, and since 
at present this is by no means the case, an Inter- 
Service Committee is considering the possibilities of 
standardization over the entire range of fire fighting 
equipment. The prospects of standardization between 
nations were investigated by N.A.T.O., but it became 
clear that little could be accomplished, or was nec- 
essary, other than an exchange of appliances, in- 
cluding portable pumps, in an emergency. To enable 
main equipment fitted with one type of hose coupling 
to be used in a ship of another navy fitted with a 
different coupling, it was agreed that a standard 
flange should be adopted. Ships in the Fleet are 
therefore to be equipped with adaptors consisting of 
their type of hose coupling at one end and the 
standard flange at the other. When equipment is 
loaned or received, the standard flange will be 
offered up to the corresponding flange on the adap- 
tor similarly supplied to ships of foreign navies. 


RESEARCH AND DEVELOPMENT 

To a great extent, the fire fighting equipment used 
in the Royal Navy is of commercial design and most 
of the fire risks are of a conventional nature. Funda- 
mental research by the Navy into fire fighting is 
scarcely necessary and can be done more economic- 
ally by specialists. There are, however, a number of 
strictly Naval problems in which a certain amount 
of experimentation is necessary. In order to assess 
the merits of new items of fire fighting equipment, to 
carry out tests of materials suggested for use in the 
Navy and to experiment with new methods for deal- 
ing with particular hazards, a small establishment 
called the Admiralty Fire Test Ground is maintained 
at Haslar in Hampshire, staffed by one lieutenant 
and four civilians. 

Equipment is tested functionally and the mechani- 
cal details examined from the point of view of ease 
of operation and maintenance. Materials are, where 
possible, given tests in which the fire severity ac- 
cords approximately with the first five or ten min- 
utes of the Standard Time/Temperature curve as 
defined in B.S.S.476/53. The test rig for this purpose 
usually consists of an oil fuel register burning kero- 
sene under pressure which can be regulated. 

Although the Test Ground is not a scientific estab- 
lishment in the usual sense and has few facilities for 
precise experimentation, the work is carried out un- 
der realistic conditions with necessary attention to 
detail, and careful records are always taken. The fol- 
lowing examples illustrate the scope of the work: — 

Trials of Maintained Pressure Extinguishers. 

Trials of the fire retardant properties of various materials 

for deck coverings and bulkheads. 

Trials to investigate the danger of fuel spillage being 

ignited by rocket-assisted take-off aircraft. 

Trials of various paints for coating asbestos lagging. 

Trials of a new P.V.C. hose. 

Apart from a wide variety of appliances, the Test 
Ground is equipped with a full scale mock-up of an 
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engine room of a Dido Class cruiser, and also of an 
M.T.B. engine room. The former was the scene of 
investigations which resulted in much of the Navy’s 
present knowledge of fighting major fires with foam 
and steam. 

At the moment, the Test Ground staff is engaged 
in a series of trials to evaluate the usefulness of dry 
chemical in naval fire fighting and to establish the 
best chemical and equipment for our purpose. Close 
touch is being maintained with the Fire Research 
Station at Boreham Wood, who are carrying out 
similar work, to ensure uniformity and avoid dupli- 
cation. 

Liaison is maintained with the fire research estab- 
lishments of other services and departments, includ- 
ing the School of Aircraft Handlers, who deal with 
aircraft fires, and the fire fighting school at Ports- 
mouth which, in view of its function as a training 
ground, is frequently called upon for user trials. 

In addition to keeping in close touch with the re- 
search authorities at Boreham Wood, contact is also 
maintained with the R.A.F. Fire Fighting Establish- 
ment at Kenley and with the War Office and Ministry 
of Works, and the Admiralty is represented on vari- 
ous J.E.S.C. Sub-Committees associated with fire 
fighting problems. 

Finally, it would not be proper to leave this subject 
without paying tribute to the members of the fire 
fighting trade who assist the Admiralty with trials 
and carry out tiresome modifications to their stand- 
ard trade equipment at their request. It sometimes 
happens that the Admiralty are able to suggest modi- 
fications which can be incorporated in production 
models to the advantage of all. 


CONCLUSION 


The aim of this paper has been to show how the 
Royal Navy faces the problem of fighting and pre- 


venting fires in warships in peace and war. 

Plans for the future depend on the lessons of the 
past and on changes in the make-up of the Fleet and 
on the effect of new hazards and new weapons. The 
Navy is becoming predominantly one of small ships 
and probably most future developments will be in 
appliances and media suitable for smaller vessels. 
Considerations of weight and space are becoming 
more and more important. Furthermore, the increas- 
ing complexity of a modern warship means that little 
training time can be spared for defensive tasks and 
maintenance jobs must be reduced to a minimum. 
Simplicity of maintenance and operation is there- 
fore very important indeed. 

There are considerable problems posed by the ad- 
vent of thermo-nuclear weapons, but most of the 
subject is bedeviled by security considerations. With- 
in a certain distance of one of these weapons, a ship 
and everything in her will be vaporized, to use the 
unpleasantly precise words of the physicist. Beyond 
that distance and in varying degrees, depending on 
the range, ships are likely to suffer all-embracing 
damage varying from complete disruption to mere 
scratches. Among ships so damaged, inevitably there 
will be some that will be set on fire and these fires 
are likely to break out simultaneously all over the 
ship. The work of fire fighting will be more difficult 
than ever before and much will depend on the way 
in which individual men and fire parties make im- 
mediate use of the equipment at their disposal— 
everybody will have to be a trained fire fighter. 

In Virgil’s “Aenead,” it is said that when the Tro- 
jan warships were set on fire by the enemy the un- 
fortunate victims called upon the gods, who came to 
their rescue by turning the ships into sea nymphs. 
For the ship unfortunate enough to get too close to 
a thermo-nuclear explosion, this is probably as good 
a solution as any. 


The National Bureau of Standards has been studying flame characteristics 


for the purpose of developing reliable aircraft engine fire detection sys- 


tems. Results indicate that reliability could be greatly increased by a sys- 


tem that would not respond unless the following characteristic properties 


of a flame were all present at the same time: 


(1) Characteristic rate of increase of radiant flux, 


(2) Sufficient level of radiant flux in the required spectral region, 


(3) Characteristic frequency of flicker. 
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I, REQUIRES a good deal of temerity, to appear here executive talent from every condition of life, com- 
Tro- today to talk on this topic when everyone present pletely prepared by education for defeating the 
_ is a major executive himself. Only the thought that competition of wealth and birth for positions of 
e to this meeting serves as a kickoff for our discussion public trust. Now, more than 140 years later, at- 
Phs. later, which I hope will provide new ideas for all tempts are still being made to get this sort of bill 
othe of us in this field, has persuaded me to attempt this through Congress. The Ford Foundation recently 
' talk. put up twenty million dollars to get a similar idea 
One of the points about this topic that continues rolling by creating the National Merit Scholarship 
to surprise me is the amount of interest among Program. 
executives in the question of executive develop- Researchers in this field hold sharply divergent 
ment, possibly because underneath our confident views about how important the role of executive 
exteriors all of us secretly feel that we are not do- development is and what can realistically be done 
ing nearly as well in our executive jobs as we in the way of training executives. One school holds 


should. 

The executive is a topic that has concerned every 
thinker responsible for running a large organization 
almost since we have had social organizations. Not 
long ago I was reading some correspondence be- 
tween John Adams and Thomas Jefferson written 
in 1813. Amidst this exchange of letters Adams com- 
plained that aristocrats monopolized the executive 
posts of that time, and that they got to be aristocrats 
by five routes—through beauty, wealth, birth, 
genius, and virtue. Only the last two of these, he 
said—genius and virtue—were really acceptable 
credentials for an executive position. 

Mr. Jefferson went even further. Describing 
executives who obtained their posts through wealth, 
beauty, or birth as “artificial aristocrats,” he pro- 
posed what amounted to a Federal scholarship sys- 
tem, to assure, as he said, a continuing flow of 


that there just aren’t very many good executives, 
except for those of us here in the room today; and 
that the low birthrate of the thirties, the lack of 
training opportunities during the depression, and 
the huge industrial expansion that has gone on un- 
abated for the last fifteen years has caused the most 
severe executive shortage that we have ever known. 
These forecasters believe that the shortage will 
probably continue for at least the next ten years, and 
that it is more likely to put the brakes on our cur- 
rent business boom than even the current shortage 
of bank credit. 

Another school of thought—and not an inconsid- 
erable one—holds that executives are really just 
flattering their own egos with such talk; that the 
path to the top is paved with the broken dreams 
and ambitions of good men who have been shoul- 
dered aside; and that nearly every company has 
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more major league executive talent than the Yan- 
kees’ farm chain. 

I personally lean toward the former view, and 
become more convinced of it every time I try to 
find the right executive for an important post in my 
own company. Recently I was a member of a com- 
mittee trying to find the right man to head a major 
Midwestern university. Like all personnel people, 
we started out by setting up our job criteria. We 
decided that there were at least four major cre- 
dentials involved. First of all, we felt that the po- 
tential president had to be very bright, as befits a 
distinguished intellectual leader. Second, he needed 
to have the finest training and experience and to 
command the respect of his peers. Third, he had to 
understand youth and the problems of adolescence. 
Fourth, since the university had a large financial 
deficit, growing larger every day, he must be a dy- 
namic, successful money raiser. 

Well, we got out this list and sent it around to a 
number of people, including an Episcopalian bishop. 
He wrote back that he had the name of exactly the 
man we were looking for, but he didn’t mention his 
name. So we wired back, and the return answer 
was: “His name is Paul and he was last seen in the 
vicinity of Tarsus about two thousand years ago.” 

Our group has done some research work in this 
area with a number of major companies on both 
executive selection and development, particularly 
with young executives. I would like to tell you to- 
day about some of the work we have been doing 
over the past four years with a group called the 
Young Presidents’ Organization. It’s a group of 
something over a thousand men and women who 
have become presidents of companies doing more 
than a million dollars worth of business annually 
before they themselves reached the age of forty. 
Most of these men are strongly expansion-minded, 
and nearly all of them face the kinds of problems 
that I suspect many of you do in your executive 
posts. 

The consensus of this group is that the greatest 
bottleneck they face in the future growth of their 
businesses is lack of adequate talent in top manage- 
ment teams and in the echelon just below this level. 

One of the other problems pointed up by these 
studies is that the inflow of executive potential is 
not what it might be. We find some corroborative 
evidence of this in some of the testing that we do 
for the Selective Service Administration, where we 
find that the students who are preparing to be busi- 
ness executives through taking business administra- 
tion courses tend to be below average intellectually 
as compared to other students attending our col- 
leges today. They are considerably below the 
caliber of the students who are preparing to be 
engineers, scientists, lawyers, or doctors. 

Many of these young presidents have .used 
phrases along this line: “If we can solve the per- 
sonnel problems at the executive level, somehow 
most of our other problems will solve themselves.” 
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Now, I am not going to talk to you today about 
recent research on factors relating to the better se- 
lection of executives, although this is a most inter- 
esting topic. If you are interested, perhaps in some 
of our discussion later we can get into that more. I 
would like to concentrate here on the results of four 
intensive field studies made on the relationship be- 
tween the boss or the president of an enterprise and 
the members of his key executive team—how each 
thinks the other could improve his executive work, 
with some pungent comments of their wives, who, 
after all, are ex officio executives themselves. I’ll 
try to use some illustrations that may be pertinent 
to the kinds of operations in which you are in- 
volved, as well as to private business. 

In general, to outsiders the term “top manage- 
ment” often symbolizes a faceless, powerful, largely 
anonymous edifice within which decisions are made 
and orders issued in mysterious and impersonal 
ways. Even within most companies the top manage- 
ment group is often referred to in such distant 
terms as “they” or “topside” or “the front office.” 
And to this “big brother” edifice is often attributed 
the characteristics of being all-seeing, ever-watch- 
ful, and sometimes slightly ominous. 

These stereotypes are not true, obviously. In fact, 
there are few that are farther from the truth than 
these. The top management group in every company 
that we have worked with is always a small one, 
and it’s always intensely human. Arch Patton, of 
McKinsey and Company has estimated that in any 
large business it usually comprises about one-twen- 
tieth of one per cent of the company’s employees. 
In the YPO companies the average size is from 
three to five executives in addition to the president. 
This is almost exactly the same number of children 
that most presidents possess, and the analogy is 
more than a passing one. 

Like families, the members of the top manage- 
ment team are usually held together by strong 
personal ties. They usually work together toward 
the same goals, that are often not very explicit; and 
the possibility of conflict is always present. They 
usually have great respect for the company presi- 
dent or “father” figure; but they sometimes exhibit 
the same type of petty rivalry that kids do, engag- 
ing in frequent not very serious squabbles among 
themselves, while exhibiting a calm and united 
exterior to the outside world. 

Here is a composite picture of what the members 
of the top management team look like in most com- 
panies: 

Typically the team includes an administrator. He 
serves as the president’s alter ego and has the gen- 
eral responsibility, whether or not he has the actual 
title, of keeping the company’s day-to-day opera- 
tions running smoothly. On some days he looks sus- 
piciously like an image of the president, particu- 
larly when the latter is out of town. 

The other members of the team are usually vice 
presidents in charge of sales, production, and 
finance. Only occasionally are other executives, 
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such as those responsible for personnel, purchasing, 
and research, or the president’s assistant, bona fide 
members of this team. 

As might be expected, most presidents are cur- 
rently and actively dissatisfied with the quality and 
the performance of their management team. This 
critical attitude is usually due less to the actual 
quality of their present executives than to the 
chronic, restless desire of most presidents to find 
more ways of improving and enlarging their own 
companies. Furthermore, effective presidents usual- 
ly are acutely aware of how essential good execu- 
tives are to their own personal success. It also seems 
probable that the chief executive who is most con- 
scious of the defects in his present management 
team is usually the one who is already running the 
most successful company. 


Here are some of the major reasons that presi- 
dents give for being dissatisfied with the operation 
of their present executive team: More than half of 
these thousand men we surveyed felt that their 
present executives would be unable to handle a 
substantial increase in the size or complexity of 
the company’s business. These presidents felt that 
the necessary improvement should be made now 
rather than waiting for possible future business 
growth; and they had anxiety feelings because they 
weren’t doing something more active about it. Fre- 
quently they felt stymied because of their ties of 
personal friendship or family relationship with va- 
rious members of these key teams. 


Indeed, many of these presidents felt that future 
company growth depended very largely on these 
essential changes being made. An equal number of 
presidents felt that their present managers pos- 
sessed great growth potential, but that major 
changes and improvements were needed before 
they would be polished executives. A third of the 
presidents said that they had pointed out the 
changes that were needed, but that these improve- 
ments had not yet been accomplishd by their execu- 
tives. 

This is the point at which one of the major diffi- 
culties in running a top-level management team be- 
comes most frequently apparent. It involves the 
president finding better ways of communicating 
more clearly with his executives about the real 
things that he wants done in terms that they fully 
understand. In general, most presidents already 
think that they communicate effectively with their 
managers. Over 85 per cent of them said that in in- 
dividual meetings with their executives the prob- 
lems they planned to discuss were satisfactorily 
settled. The key executives, when they were ques- 
tioned, agreed that these discussions were satisfac- 
tory when they involved only day-to-day problems. 
Incidentally, more than a third of these problems 
involved personnel matters. They emphatically dis- 
agreed, however, when the discussion topic involved 
major company policy or key objectives of the com- 
pany. The less important the topic, the better the 


communication. The most serious criticism that 
executives made of their president was the latter’s 
inability to voice his deepest concerns about really 
important company or personal matters, although 
the president expected his executives to act as 
though they understood what these concerns were. 

Said one executive: “I never know where I really 
stand on the big issues. When problems get big 
enough to be painful, the chief can’t bring himself 
to talk about them.” Said another: “He should 
clearly define company policy and organizational 
authority throughout the company.” And a third 
said: “He should let me in on company problems, 
objectives, and goals and keep me generally in- 
formed about what he wants to have happen.” 

These points can probably be explained most 
clearly through examples. Please note in these ex- 
amples both the communications problems involved, 
the difficulties that can arise when the president 
and one of his executives define differently the mis- 
sion of the latter’s job, as well as the unstated 
premises in their relationship that sometimes cause 
serious trouble. 

Let’s turn first to the post of the company’s chief 
financial officer. Most financial officers regard their 
most crucial responsibility as being the maintenance 
and improvement of the company’s accounting sys- 
tem. The president, on the other hand, is apt to take 
for granted the satisfactory maintenance of a good 
accounting system as being one of the things he 
pays an able financial officer to do. He singles out 
the financial officer for praise in this area only when 
there is some unusual element attached to it. 

Far more than most accountants realize, the 
president relies heavily on the ability of his treas- 
urer to keep him and the company out of money 
troubles and to issue early warnings when the first 
financial storm clouds appear on the horizon. As 
John Dewey once pointed out, “Facts do not bear 
their interpretation on their face.” Accountants are 
more concerned about the figures themselves, the 
presidents about the implications that should be 
drawn from these figures. Presidents evaluate the 
success of accountants much more on their ability 
to draw correct inferences from figures than upon 
the compilation of the figures themselves. One pres- 
ident gave a rather typical example of this point: 
“Based on our treasurer’s past forecasts, I worked 
out a line of credit and repayment with our bank 
which involved borrowing up to the hilt of our 
credit line. Within sixty days it was apparent that 
the forecast was dangerously optimistic. I felt like 
an idiot having to go back to the bank and explain 
that our estimates were all wrong. We were forced 
to retrench quickly, which produced serious losses.” 

Another point to note about financial officers, of 
which other members of the top management team 
are often more keenly aware than the president, is 
the treasurer’s ability to move strategically against 
any other person in the company—the sales man- 
ager, the production manager, or the administrator. 
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Because of his role as scorekeepr, the financial offi- 
cer provides the only really objective measure of 
how well the other executives are doing their jobs. 
Numerous top management frictions can arise when 
other executives either do not understand or do not 
agree with the assumptions that the financial officer 
makes in totting up the profitability of their opera- 
tions. 

The financial officer typically is in a relatively 
unique position in his company, since the sole 
judgment about his competence usually comes from 
within the company itself, mainly from the presi- 
dent. No one outside the company judges him in 
the same manner as customers judge the vice presi- 
dents for sales and production. No one within the 
company can judge of the success of his division as 
easily, as coldly, and as impartially as he can judge 
other divisions. Careful definition and agreement 
about accounting assumptions are therefore ex- 
tremely important in minimizing intracompany 
frictions and hositilities. 

Well, that’s the first officer I’d like to mention. 
The second is the chief administrator. In most com- 
panies that is what would most frequently be called 
the executive officer in any military operation. 

Virtually every executive team contains one man 
who is the chief day-to-day administrator of the 
company. On days when the president is feeling 
good about his administrative officer, the latter may 
be seen as his closest colleague, his personal confi- 
dant, his trusty right arm, the one indispensable 
man in the company. Because of his closeness to 
the front office, however, the administrator can 
quickly become a handy focus for aggression when 
things go wrong. Then he may be viewed as a vi- 
sionless clod whose stupidity is dangerously hinder- 
ing company progress. 

Conversely, the administrator tends to think of 
his president as a likeable man, who serves a valu- 
able public relations function and often dreams up 
good plans for the future, but who has a regrettable, 
immature tendency to go off halfcocked. In short, 
the chief administrator is typically the maintainer 
of the established order; and he will fight the presi- 
dent or anyone else who seeks to disrupt the com- 
pany’s daily routine. More than any other officer, 
the administrator serves as the balance wheel be- 
tween the conflicting forces in a company in main- 
taining the status quo versus the desire for growth. 

From examples gathered in our YPO survey, ad- 
ministrators seem to feel that they understand the 
rhythm of company operations and the maintenance 
of controls much better than their presidents. And 
when presidents discuss the shortcomings of their 
administrators, the topic of future planning and 
company growth are most likely to be mentioned 
as areas where the administrator is lacking. 

Finally, the administrator is most often the man 
who has the delicate and unpleasant responsibility 
of speaking frankly to the president when criticisms 
of the chief executive are in order. Most executives 
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wish that there could be a freer interchange of con- 
structive criticism at the top level within their com- 
panies, but fear of arousing presidential displeasure 
is usually a powerful deterrent. 

Here is how one administrator tried to handle 
his difficult assignment. “The president,” he said, 
“of our company controls the stock and therefore 
has selected the board of directors. Our board now 
consists of officers of the company, including myself, 
and a number of inactive relatives. We badly need 
a broader board of directors, including executives 
of other companies, to aid us in our growth and to 
help our executives in pointing out company weak- 
nesses to our president. He listens, but he has done 
nothing about it; and I strongly suspect that he is 
afraid of having his own control reduced.” 

Because of lack of time here, I am going to skip 
the sales vice president, who is a really key man in 
most business organizations. Also I assume that the 
area of sales is less related to the type of executive 
situations that most of you are dealing with. I would 
like, therefore, to take as the next area the produc- 
tion manager. I don’t know whether he would be 
called the supply officer, or in some cases the G-3, 
or exactly what his post would be in a military 
organization; but he is the man who in most com- 
panies must maintain the flow of the output of 
goods going out the back door on which billings can 
be made. 


Production managers tend to think of their mis- 
sion as that of maintaining a steady or increasing 
flow of goods at a minimum cost. Possibly more than 
any other man in the company, they must exercise 
continuing care to see that their functions interlock 
and mesh properly with other activities and plans 
of the company. The production executive is more 
likely to rise from the ranks within the company 
than any other major executive. Crucial incidents 
that company presidents recounted about their pro- 
duction managers deal most often with their getting 
the goods out on time in the face of seemingly in- 
surmountable odds. They dealt frequently also with 
developing facilities or mustering task forces to 
meet heavy production demands brought on by 
changing markets or by fast-moving sales forces. 

Just as one example, a president mentioned the 
following example: “January floods in California,” 
he said, “wiped out our crop for processing. He se- 
cured,” meaning the production manager, “raw 
produce throughout the state to keep our three 
plants in operation. Our competition was unable to 
secure raw products. We kept in operation and 
more than tripled our profit during the year.” 

On the other side, another company president 
mentioned the fact that when copper prices were 
rising during the recent squeeze a year or so ago, 
the production manager thought that the prices of 
copper were too high. He did not lay in the normal 
supplies that he should have. So during the peak of 
the season the company was shut down for a period 
of more than six weeks just at the time when they 
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should have been going at top speed. In other 
words, he had not foreseen the problems that were 
going to come up the day after tomorrow. 

One other topic I would like to mention here is 
the survey of the wives of presidents that we made 
this last year. The most serious problem that many 
busy business executives typically have to deal with 
is their wives’ lack of understanding of their jobs. 
Most executives’ homes have more than their share 
of family frictions, although this is not generally 
noted on the outside. The most frequent point about 
which frictions are likely to occur is disagreement 
between the husband and the wife about how the 
president spends his time. 

According to this survey, the average company 
president works about fifty-one hours a week in the 
office. Many of the wives feel that besides these fif- 
ty-one hours a week, he carries his business prob- 
lems home with him; that whatever else he may 
seem to be engaged in, it’s the problems of business 
that are constantly uppermost in his mind—at the 
dinner table, out at the country club, around the 
TV set, or even in the boudoir. 

While this point is rarely verbalized, many wives 
unquestionably equate their husbands’ preoccupa- 
tion with business problems with their love for 
them. They jealously suspect that the company 
rates higher in his affections than they do. Wives 
who have worked before marriage feel less strongly 
about this matter than women without previous 
business experience. Most husbands, according to 
their wives, pooh pooh this point when it arises and 
seem generally incapable of understanding why 
their mates should cherish such ridiculously femi- 
nine notions. 

Lack of mutual understanding in this area and 
the tensions produced by it flash out in many un- 
expected ways. I am not going to have time to give 
many examples here, but I did want to mention just 
a couple of them, because I have been astounded 
by the frequency with which this sort of thing has 
seemed to occur among the executive groups that 
we have analyzed. 

Business expansion is the heart beat of most in- 
dustrial enterprises, at least in the view of the com- 
pany presidents. The prestige and status of most 
presidents are intimately related not only to their 
ability to make their company grow in dollar vol- 
ume, but also to whether their companies are able 
to keep pace with the expansion rates of their com- 
petitors. This is a point we noticed again and again 
—that even more than the actual making of money 
is the president’s consuming, driving desire to beat 
his competition. 

Curiously, many wives are at least passively and 
not always silently opposed to such expansion. Said 
one wife: “We already have more than I ever 
thought we would in our whole lives five years ago. 
when he became president. Now he wants to open 
a West Coast branch and I'll never get to see him 
any more.” Commented another: “My husband is 


thinking of buying out a competitor, and I just can’t 
see it. We'll be risking everything we have and his 
work will be doubled, and what good will it all do? 
We already have more than we know what to do 
with.” 

Several score other cases provide eloquent testi- 
mony about the fears of many wives regarding con- 
tinuing business expansion. Little as she sees of her 
husband now, she darkly suspects that she will see 
even less of him as the business grows. This can 
only mean that the business wife is gaining ground 
in his affection, while she, burdened with the home 
and kids, is losing out. It’s a wise executive who 
can get his wife to understand and agree with the 
time requirements and the business commitments 
of the American industrial world. 

These examples touch only a few high spots from 
our several YPO surveys, and I hope that they are 
relevant to our discussion here today. 

I was impressed with the relationship of some of 
these things to the movie entitled “Pattern,” which 
we all saw today, because this business of industrial 
executive crackup is not just a figment of our imag- 
ination or the sort of thing we see in movies. It 
happens all the time. This matter of maintaining a 
reasonably low anxiety level among major execu- 
tives is certainly a problem that we don’t know any- 
where near enough about and one that deserves a 
good deal more study than it has had so far. 

One of the other things that we know about many 
of these executives is that the most successful ones 
have compulsive drives for success that force them 
to keep going ahead; and these drives often produce 
human relations problems that the executives are 
not always able to deal with. 

Another sort of thing that happens is a fierce 
desire for self-improvement that we noticed among 
so many of these executives. This is frequently 
more true of the younger executive than it is of the 
older ones. 

To get some of the background data along this 
line that we have run across, let me state that the 
average executive who is now under forty has 
about four and a half years more of formal educa- 
tion than does the major executive who is over 
fifty. Yet two-thirds of the younger ones are active- 
ly engaged in some sort of activity that involves 
self-improvement. Mainly, I think, because most of 
these men came up to major executives positions 
after the depression, they feel that thev have not had 
the wide executive experience that older men have, 
and they feel a defensiveness about their lack of 
preparation. 

The two consuming areas where this desire for 
self-improvement occur most frequently are: any- 
thing that has to do with more effective sales pro- 
gramming and anything that has to do with more 
effective financial control. Nearly all of these YPO 
companies suffer from a lack of adequate working 
capital, and anything that their presidents can learn 
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THE ROLE OF THE EXECUTIVE TODAY 


SPENCER 


about how to make their working capital stretch 
farther is of great interest to them. 

In terms of their personal problems, the topic that 
they are most concerned about is their inability to 
delegate work adequately. Most of these men, as I 
said before—and I suspect it’s true of most of you 
also—got where they were by gaining a reputation 
for being “doers;” they got things done while other 
people were still talking. When they got to the post 
of president, if they had not wrestled with the 
problem of delegation before, they had it in a seri- 
ous way then—that no matter how able they were, 
no matter how hard they worked, no matter how 
many hours they put in, they physically could no 
longer do the entire job themselves. So this meant 
making a major shift in their orientation from do- 
ing things themselves to getting things done through 
other people, which requires qualities of leadership 
and human relations which they had not been pay- 
ing particular attention to before that time. 

If I may try to summarize briefly the overall con- 
clusions that we might draw from these studies— 
and these may be topics that would be worth our 
discussing farther today—I’d like to turn again to 
the analogy between the role of a top management 
executive and the head of a family. 

The president in most companies, certainly where 
the president is an effective manager, definitely 
plays the role of the father in the psychiatric sense; 
and the rest of the team represent either his sons 
or elder relatives. Motivating executives effectively 
can often be as complicated and exasperating a task 
to a president as motivating his children; and all of 
us know how difficult that is. 

Most of us tend with our executives to overem- 
phasize the motivating rewards of money and finan- 
cial bonuses and to overlook other important but 
less tangible rewards. While the desire to earn more 
money is unquestionably an important and a strong 
motivating force to all executives, or nearly all of 
them, even more important in their eyes are the 
respect and affection of their presidents and col- 
leagues in the top management team. Also impor- 
tant to them are the feelings of personal satisfaction 
that they derive from feeling that they have done a 
job well themselves. 

It is important to remember that the members of 
a good executive team have usually been selected, 
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or have been so trained, that they largely monitor 
their own conduct. This point is not typically true 
farther down in the management echelon. In large 
measure, effective executives administer their own 
rewards and penalties; and our main problem in 
managing them is to plan, coordinate, and guide 
their work. 

An effective top executive is usually his own 
most critical judge and jury. Not only is he acutely 
conscious of the business incidents which do him 
credit or of which he is ashamed, but by and large 
the punishment or reward for the incident is meted 
out by the executive to himself. In fact, for almost a 
quarter of the critical incidents that we collected in 
these surveys which the key executives described 
about themselves, they did not feel that the presi- 
dent even knew when they had made a major mis- 
take. 

Most executives require the satisfying experience 
of accomplishment. Most of them have a sneaking 
suspicion that they really are not quite good 
enough for their present job, and they require the 
constant reassurance that they derive through con- 
tinuing accomplishment. This drive is apparently an 
essential ingredient of continuing business success. 

Finally, most key executives feel that they could 
do their jobs better if their immediate superior, 
usually the president of the company, would ex- 
plain company policy to them in more detail. By 
the way, only about 40 per cent of these presidents 
had regular, systematic review sessions with their 
executives to tell them how they stood and what 
the plans for the company were in the immediate 
period just ahead. Most presidents think they do a 
much better job in this area than they actually do. 

The second thing that the key executives wish is 
that their presidents would interfere less with the 
operating details of their major staff members. This 
is not a problem that is unknown in the military 
service either. 

Finally, the key executives would like to feel that 
they knew better where they stood in the eyes of 
their presidents; that they had regular periods 
when their work could be reviewed; and that their 
presidents would be franker and more candid with 
them in outlining both their strong and their weak 
points. 

Thank you very much. 
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iia, GIVE several methods for finding the de- 
flections of beams with changing moments of iner- 
tia, the one perhaps most often favored being the 
graphical method based on moment areas, which is 
explained in detail, among others, by Norman in 
his MACHINE DESIGN. The method is straight- 
forward and not too complex, but it requires pain- 
staking drawing board work at a large scale for 
reasonable accuracy as it involves such fine-angle 
diagrams as the funicular polygon. It also involves 
the use of at least three different decimal scales 
which often is a source of confusion and may lead to 
error. 

It is the purpose of this article to outline an arith- 
metic counterpart of the graphical method, and this 
can most easily be explained and perhaps most eas- 
ily be understood if a hypothetical example is worked 
out. The data of the example are given in the dia- 
gram on the following page. 

The heavy outline denotes a beam freely sup- 
ported at both ends and subjected to loads of 30,000 
and 20,000 as shown. It should be noted that no 
units are given in the diagram, the reason being that 
the method is equally applicable whether the weights 
or loads are given in pounds, tons, or kilograms, 
whether the lengths, distances or other dimensions 


are given in feet, inches, or centimeters, provided 
only that logical uniformity is adhered to and that 
proper adjustments are made. However, in working 
out the present example, pounds and inches and their 
multiples or products were used. Thus the beam 
shown was selected for an even moment of inertia 
of 1,000 inches‘ throughout the central portion, 
which equals in length the 20-inch distance between 
the loads plus six inches toward the ends, or a total 
length of 32 inches. That is, the beam was made a 
single plate 1% thick and 20 inches deep at the 
middle length of 32 inches, and tapered to one half 
that depth at the two ends. It seems hardly neces- 
sary to point out that this is not offered as a sugges- 
tion for an economically designed beam. However, 
for the present purpose this beam has the advantage 
that the depth can easily be found by direct ratio, 
and hence the moment of inertia. 

Given the loads and their locations we can easily 
find their reactions in the ordinary manner, 29,286 
at the left hand end of the beam and 20,714 at the 
right. From these we find the bending moments; at 
point D, M=1,464,300, and at point E, M=1,449,980, 
again by arithmetic. In the diagram this graph is 
drawn to scale and it is well to sketch it in as it gives 
a picture which aids thinking, though scale drawing 
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DEFLECTION OF BEAMS 


is not necessary. It should be understood that as 
the diagram was prepared for publication it was 
made something of a picture, but the work can be 
done on a scratch pad when seated in a comfortable 
chair. Also, the numerical results given were 
worked out by longhand figuring while for practi- 
cal purposes slide rule calculations are sufficiently 
accurate. 

The peaks of the bending moment graph come at 
points D and E, as shown, but the full depth of the 
beam continues to point C at the left and to point 
F at right, giving varying bending moments over the 
two lengths CD and EF while the moment of inertia 
over those lengths is constant. The bending moment 
areas below CD and EF must therefore be treated 
separately, as must also be done with the area below 
graph line DE. Thus are left areas below graph lines 
AC at left and FH at right, both of which are too 
large to be treated as single units. It should be evi- 
dent that, in work of this kind, if any lengths were 
divided into infinitesimal units we should obtain the 
accuracy of integration. This, however, is an unat- 
tainable goal when an arithmetic solutions is sought 
as it is with a graphical solution. But we can, with- 
out too much complication of the work, divide both 
the above areas into halves horizontally, that is, we 
may divide the base of the triangle under AE into 
two lengths of 22 each, and the base of the triangle 
under FH at right into two equal lengths of 32 each. 
We have now to deal with areas under graph lines 
AB and BC at left, and under FG and GH at right, 
in addition to the three areas at the central portion 
of the beam. 

We have thus seven parts of the bending moment 
graphs, giving the seven areas shown, each with its 
average or mean bending moment as indicated by 
the symbols MM within the respective areas. For the 
triangular areas at the ends of the beam this average 
or MM value is simply one half of the moments at 
the inner ends. For the other areas it is one half the 
sum of the bending moments at the ends of the 
respective areas, as for example for the second area 
from the left, it is 644,292 + 1,288,584 + 2 = 966,000, 
insignificant digits being omitted. These values of 
the mean moments are stated within the respective 
areas. The mean moments are taken as acting at the 
centrodes or centers of gravity of the various areas. 

Finding the locations of the centrodes of such 
areas as we have to deal with in a straight-line 
bending moment graph, or in cases approaching 
straight-line graphs, deserves a few words of ex- 
planation. Considering again the second area from 
the left, we see that the ordinates or the bending 
moments at the ends of that area are in a definite 
ratio, in this case one to two. We can now divide 
the area into two unequal parts by a horizontal line 
drawn from the top of the ordinate M=644,292, giv- 
ing a triangle above and a rectangle below the 
horizontal line. Both these have the same base of 
22 and the same height, which is M=644,292. For 
the triangle, the centrode from the left hand end is 


at two-thirds of the base, or at two-thirds of 22= 
14.67, and we may give the area a weight of one. 
For the rectangle, the centrode from the left hand 
end is at one-half the base, or 11, and we may give 
the area a weight of two, thus maintaining the one 
to two ratio. Multiplying and adding we have 
14.67 x1+11x2=36.67. Dividing by the sum of the 
assigned weights, that is by 3, gives 12.22 as the dis- 
tance of the centrode of the combined area from the 
left hand end, or from the perpendicular through 
point B. Like reasoning gives the locations of the 
other centrodes, except that here the bending mo- 
ment graph between the loads is assumed to be 
horizontal so that the centrode falls at 10 units from 
either end, or is located at the midspan. By simple 
summation we may now find the various locations 
of the centrodes, 14.67, 19.55, 12.78, etc., which have 
been written directly below the beam contour in the 
diagram, where the vertical lines through the cen- 
trodes are carried all the way down as they will be 
of future use. 


The next step is to find the moments of inertia of 
the beam at the various bending moment area cen- 
trodes. This work has been simplified by making 
the beam a single plate evenly tapered toward the 
ends, giving the depth of the beam by simple ratio. 
The required moments of inertia are stated within 
the beam: I=280.1, I=702.2, and I=1,000 for the 
central portion of the beam. 


We have now to deal with a number of complex 
quantities each of which is the product of the base 
of any moment area multiplied by the mean mo- 
ment (MM) of that area and divided by the mo- 
ment of inertia of the beam at the centrode of the 
same area. Thus we have, for the triangular area 
at the extreme left, 322,000 x 22+280.1=25,290, and 
for the next area toward the right, 966,000 
702.2=30,279, and so on. These and other similar 
results have been written along the vertical lines 
though the centrodes in the diagram and are labeled 

MM x BASE 
at the left ———___—_ 


I 
the moment of inertia is necessary since the deflec- 
tion is inversely proportional to that characteristic 
of the beam. 


The values for MMxBASE-~I are now treated 
exactly as the weights or loads on a beam for which 
we have already found the locations, that is, the lo- 
cations of the centrodes of the respective areas. 
These new loads give the “AREA MOM. REAC- 
TIONS of 93,062 at the left and 90,157 at the right, 
as shown on the diagram. Using these reactions and 
the quotients written vertically along the centrode 
lines as weight data we can find the imaginary 
bending moment at any point along the beam. Thus 
we get the quantities 1.36 10°, 2.71x10°, etc. Carry- 
ing out the bending moment analogy, the new bend- 
ing moment graph NOP is shown on the diagram to 
scale but this is not necessary in ordinary calcula- 
tions. 


. Dividing these results by 
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The final step is to divide the bending moments 
of the area-moments just found by the modulus of 
elasticity, which here has been taken at 30,000,000 
for simplicity. The resulting quotients are the de- 
sired deflections and they have been shown by the 
graph NQP in the diagram. If a picture is desired, 
these deflections can be drawn to scale and the 
graph can be faired in, but ordinarily this is not 
necessary. If the purpose of the work is to find the 
natural period of vibration of the beam, only the 
deflections at the loads are desired and more than 
half of the calculations in this last step can be 
omitted. 

It may be noted that two of the deflections, 0.1183 
and 0.1184, differ slightly from one another while 
the vertically written figures directly above them 
are exactly equal. This apparent discrepancy is due 
to the dropping of decimals in writing down the 
vertical figures for the pseudo bending moments. 


A mast or a kingpost may be regarded as a ver- 
tical beam, using the horizontal or transverse com- 
ponent of shrouds or topping lift as one reaction 
and the horizontal component at the heel as the 
other transverse reaction. The load is then the force 
against deck or platform which falls between the 
above reactions, and in the case of a kingpost that 
load may be a bearing. Such a problem is likely to 
be simpler than the example here developed as a 
mast or kingpost ordinarily has to withstand only 
one significant transverse force between the reac- 
tions at the ends. In handling such a problem, the 
resulting deflections should be faired and a straight 
line should be drawn through the heel reaction and 
the load at deck of platform. The deflection graph 
will then depart from the straight line at the upper 
end of the mast or kingpost and that deflection can 
be scaled off the graph at right angles to the straight 
line just drawn. 


Progress in the production of energy in quantities for power application 


is indicated in test results of a thermo-electric liquid metal pump. Such a 


pump, with a heat exchanger, has circulated liquid sodium at rates up to 


19 gpm with no electric power input. The energy is derived solely from 


thermo-electric currents, produced by temperature differences across a 


chromel and constantan strip positioned between the hot and cold tubes 


within the heat exchanger. Resulting electromagnetic flux provided the 


motive force on the liquid metal. 
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SECTION 1: INTRODUCTION 


: REPORT has been prepared to summarize the 
present knowledge of heat treatment of pressure- 
vessel steels and to point out gaps in the present 
knowledge of this subject which require further in- 
vestigation and careful study. 

In the subsequent sections the pressure-vessel 
steels are divided into groups primarily based on 
their chemical compositions. For each group, a de- 
tailed discussion is then given of the heat treatment 
prior to cold or hot forming operations, as well as 
any intermediate heat treatments that may be re- 
quired during fabrication of the pressure vessels; 
and, finally, a recommendation is made for the final 
treatment of the pressure vessels in that group. 

The authors wish to point out that with the ex- 
ception of carbon-steel pressure vessels, the pub- 
lished data on this subject is scant; therefore, we 
are presenting information that is based primarily 
on the general heat-treating practices employed by 
most fabricators of pressure vessels, as well as those 
practices used by the plate manufacturers. 

The authors wish to emphasize that the details of 
the various fabrication operations are common prac- 
tices employed by several fabricators, but are not 
presented with the intent of standardizing shop 
practices—merely as general information. 

The requirements of the ASME Boiler and Pres- 
sure Vessel Code (1956 Edition) are given below: 

Section I, “Rules for Construction of Power 
Boilers,” of the ASME Boiler and Pressure Vessel 
Code states the basic requirements for stress reliev- 


ing of power boilers in Paragraph P-108, which are 
as follows: 


Except as specifically provided otherwise in the Code, all 
fusion-welded pressure parts of power boilers shall be stress 
relieved. It shall be done by heating uniformly to at least 
1100° F, and up to 1200° F or higher, if this can be done 
without distortion. Different temperatures may be used to 
obtain proper stress relieving when required by the char- 
acteristics of the material. 


Section VIII, “Rules for Construction of Unfired 
Pressure Vessels,” of the ASME Boiler and Pres- 
sure Vessel Code, gives the following detailed in- 
formation on thermal stress relief in Paragraph 
UCS-56 of Subsection C for carbon and low-alloy 
steels: 


Vessels or parts of vessels shall be thermally stress re- 
lieved by one of the procedures given in Paragraph UW-40 
when the plate thickness, including corrosion allowance, at 
any main welded joint in the vessel shell or head exceeds 
any of the following values, or when required by Paragraph 
U-1(e), UCS-67 or UW-2: 

(1) Zero thickness for steels conforming to Specifica- 
tions SA-301 Grade B, SA-302, SA-217 Grades WC4 and 
WC5, SA-357, SA-387 Grades B, C, D and E, and for 
chromium-molybdenum steel having a chromium content 
greater than 0.70%; 

(2) 0.58 in, for steels conforming to Specifications SA- 
202, SA-203, SA-204, SA-225, SA-299, SA-301 Grade A, 
SA-387 Grade A, and for any steel having a specified 
molybdenum content of 0.50% nominal (permissible range 
0.40 to 0.65%) with a chromium content not greater than 
0.70%; 

(3) 1.00 in. for steels conforming to Specifications SA- 
212, SA-105 Grade II, SA-181 Grade II, SA-266 Grade II, 
SA-95 and SA-216 Grade WCB; 

(4) 1.25 in. for all other steels that may be used in 
welded construction; 
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(5) A thickness greater than (D + 50 in.)/120 where 
D = inside diameter, in., used in determining the required 
thickness of the vessel or vessel part, or 20 in., whichever 
is greater. 


. .. A minimum temperature of 1100° F* shall be main- 
tained for a period of 1 hr. per inch of metal thickness 
(maximum metal thickness of the shell or head plate). 


In order to prevent any confusion in the various 
types of heat treatments discussed in this report, 
the following basic definitions* are given. 


Anneal: Slow cool from above the upper critical 
temperature or A; temperature. The annealing tem- 
perature for carbon and low-alloy steels is in the 
range of 1550 to 1675° F, depending on the type of 
steel. The steel is slowly cooled to 1200° F for car- 
bon steels and possibly as low as 1000° F for some 
of the low-alloy steels. The rate of cooling below the 
above temperatures depends on the type, geometry 
and size of the material being heat treated. This 
heat treatment is generally called a full anneal. 


Normalize: Cool in still air from above the upper 
critical temperature or A, temperature. If a fur- 
nace load is removed from the furnace on a car, it 
is mandatory that the furnace load be removed 
from the car as quickly as possible and the plates 
or parts cooled in air. The normalizing temperature 
for carbon and low-alloy steels is in the range of 
1600 to 1800° F, depending on the type of steel. 


Quench: Rapid cool in liquid from above the up- 
per critical temperature or A, temperature. 


Stress Relief, Temper or Postheat Treatment: 
Heat to a temperature not exceeding the lower cri- 
tical temperature or A, temperature. Stress reliev- 
ing or tempering heat treatments generally range 
from 1100 to 1350° F, depending on the type of steel, 
except as noted for Section VIII, “Rules for Con- 
struction of Unfired Pressure Vessels.” The rate of 
cooling from the stress relieving temperature de- 
pends on the type, geometry and size of material 
being heat treated. This heat treatment is sometimes 
called a process anneal, subcritical anneal or post- 
heat treatment after welding. 


Plates may be purchased from the mill in the hot- 


* When it is impracticable to stress relieve at a temperature of 
1100° F, it is permissible to carry out the stress relieving operation 
at lower temperatures for longer periods of time in accordance 
with the following tabulation: 


Metal Holding time, 
temperature, © F hr. per in. of 
thickness 

1100 1 

1050 2 

1000 3 

950 5 

900 10 


For intermediate temperatures, the holding time shall be deter- 
mined by straight-line interpolation. 


+ See also standard definitions of metallurgical terms, ASM Metals 
Handbook. 
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rolled, annealed, normalized, normalized-and-tem- 
pered or quenched and-tempered condition, depend- 
ing on the type of steel and the particular facilities 
available to the fabricator to perform various types 
of hot or cold forming operations, heat treating equip- 
ment and other similar factors. 

The limits for cold forming depends on the thick- 
ness of the plate and the radius to which the plate 
is to be bent. The radius of bending is generally 
based on a maximum per cent strain on the outer 
fibers of the plate or an outer fiber stretch of 3 to 4% 
per cent, depending on the material being cold 
formed, without requiring an intermediate stress- 
relieving heat treatment. 

Strain on outer fiber of plate or outer fiber stretch 
may be calculated as follows: 


— %R.T 
or 
%S = S X 100% 
where 
S =strain. 


R, = final radius. 
R: = original radius (for flat plate use a value of 1000 in.). 
T = thickness of plate. 


Other important factors that control the maxi- 
mum per cent strain on the outer fibers are plate 
width, direction of bending or whether the plate is 
formed at room temperature or heated to some tem- 
perature below 1150° F (in the case of some of the 
low-alloy steels) just prior to cold forming. Cold 
forming at room temperature in the winter may be 
quite different than performing the same operation 
in the summer. 

Although an outer fiber stretch of 3 to 4% per 
cent may seem low, it should be recognized that 
this figure represents an average strain along a 
smooth surface, whereas the usual plate surface in- 
variably contains some abrupt depressions where 
the actual local strain can considerably exceed 3 to 
4% per cent. Failure to allow for excessive local 
straining during the cold forming operation may 
cause local ruptures to occur in the plate. Under 
some circumstances local ruptures could act as a 
triggering mechanism to produce cracks and pos- 
sible failure of the plate during forming. 

If the cold forming operation requires more than 
3 to 4% per cent outer fiber stretch, depending on 
the material being cold formed, it is a general prac- 
tice to cold form in two or more stages with the 
application of an intermediate stress-relief heat 
treatment when the first stage of cold-forming has 
approached the 3 to 4% per cent outer fiber stretch. 

In many cases the ability of the fabricator to cold 
or hot form plates may depend on the equipment 
and other facilities available for such operations. 
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TREATMENT OF PRESSURE-VESSEL STEELS 


SECTION 2: HEAT TREATMENT OF CARBON-STEEL 
PRESSURE VESSELS 

The following ASME Specifications cover the 
flange and firebox quality plates for carbon-steel 
pressure vessels: 

SA-201. Carbon-Silicon Steel Plates of Interme- 
diate Tensile Ranges for Fusion-Welded Boilers and 
Other Pressure Vessels. 

SA-212. High-Tensile Strength Carbon-Silicon 
Steel Plates for Boilers and Other Pressure Vessels. 

SA-30. Boiler and Firebox Steel for Locomotives. 

SA-285. Low- and Intermediate-Tensile Strength 
Carbon-Steel Plates of Flange and Firebox Quali- 
ties. 

SA-30 and SA-285 specifications, representing low 
and intermediate tensile strength plates, make no 
references to heat treatment other than the mention 
of stress relief (1100 to 1200° F) of test specimens 
when so specified on the purchase order with the 
mill. SA-30 and SA-285 plates are limited to a maxi- 
mum thickness of 2 in. and are generally tested at 
the mill in the hot-rolled condition. = 

SA-201 and SA-212 plates contain the same re- 
quirements as SA-30 and SA-285 for plates 2 in. 
and under in thickness, i.e., the material is tested 
in the hot-rolled condition unless the purchase or- 
der with the mill specifies that the test specimens 
be stress relieved at a temperature of 1100 to 
1200° F. : 

SA-201 and SA-212 specifications contain a spe- 
cial section entitled “Heat Treatment,” which is as 
follows: 

Plates over 2 in. in thickness shall be treated to produce 
grain refinement either by normalizing or heating uniform- 
ly for hot forming. If the required treatment is to be ob- 
tained in conjunction with the hot-forming operation, the 
temperature to which the plates are heated for hot forming 


shall be equivalent to and shall not significantly exceed the 
normalizing temperature. 


Cold Forming of Carbon-Steel Plates and Heads 


The maximum thickness permissible for cold 
forming is dependent on the radius to which the 
plate or head is to be bent. This radius is generally 
based on producing a maximum outer fiber stretch 
of 4 to 4% per cent in the plate or head without 
requiring an intermediate stress-relieving heat 
treatment. If the cold forming operation requires 
more than 4 to 4% per cent outer fiber stretch, it 
is a general practice to give an intermediate stress- 
relieving heat treatment after each increment of 
outer fiber stretch of 4 to 4% per cent in the series 
of cold forming operations. Experience indicates 
that plates less than 1% in. thick can be cold 
formed without normalizing prior to the cold-form- 
ing operation if proper equipment is available. The 
hot finishing temperature at the mill for plates less 
than 134 in. thick is usually sufficiently low to give 
a fine-grained structure which is equivalent to a 
normalizing heat treatment. 

When plates are within the thickness range of 
1%4 to 2% in., they can sometimes be cold formed if 
it is a fine-grained material and the equipment is 


suitable for this work. The grain size may be 
checked by microexamination of a sample removed 
from the plate. If not fine grained, the plate may be 
normalized before cold forming. Normalizing is 
generally performed at 1600 to 1650° F with a hold- 
ing time of 1 hr. per inch of thickness in this tem- 
perature range followed by air cooling. 

The above information on plates in the thickness 
range of 134 to 2% in. generally applies to the cold 
forming of plates exceeding 2% in. in thickness 
where circumstances require this type of forming 
operation. 

Heads are usually hot pressed rather than cold 
formed. The exceptions to this statement will be 
relatively thin heads of suitable diameter such that 
no tearing or wrinkling can occur in the head dur- 
ing the cold-forming or cold-pressing operation. 


Hot Forming of Carbon-Steel Plates and Heads 

Procedures for heating plates and heads should 
be so established that a plastic plate is obtained for 
the hot forming or pressing operation without evi- 
dence of oxidation in the form of severe decarburi- 
zation and/or the formation of a network of oxide 
penetrations or surface checking known as “chick- 
en-wire” cracking, which can cause permanent 
damage to the plate surfaces. 

The following hot-forming temperatures have 
been successfully used: 


Hot 
Plate forming 
thickness, temperature, 
in. 
Up to 3 in. 1650 
Over 3 in., up to 4% in. 1750 
Over 41% in. 1850 


The above temperatures are predicated on the 
use of a holding time of sufficient length at a tem- 
perature of 1500 to 1650° F to insure a suitably 
plastic plate for hot forming or pressing. 

Some fabricators may prefer a higher hot-forming 
temperature range, possibly as high as 1800 to 2000° 
F. This procedure requires a rapid heating rate to 
this temperature range and a holding time of very 
short duration to avoid the possibility of decarburi- 
zation or “chicken-wire” cracking at these high hot 
forming temperatures. 

Where the lower hot-forming temperatures are 
used, the plates may remain fine grained and not 
require a normalizing heat treatment. This may be 
verified by a microexamination of a sample from 
the hot-formed plate. With regard to the higher hot- 
forming temperatures, experience indicates that 
plates so heated are coarse grained, in most cases, 
after hot forming, and generally require a normaliz- 
ing heat treatment after this operation. The nor- 
malizing heat treatment used by most fabricators is 
heating to 1600 to 1650° F, holding in this tempera- 
ture range for 1 hr. per inch of thickness, followed 
by air cooling. 

Hot formed plates are cold formed or “cold sized” 
to obtain the required tolerance on circularity. No 
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heat treatment is required after this cold-sizing 
operation since the outer fiber stretch is much less 
than 4 to 4% per cent; in fact, in most cases the 
outer fiber stretch is less than 1 per cent. 

Heavy head plates may be hot pressed in the 
temperature range of 2100 to 2150° F. This heating 
operation involves rapid heating to this temperature 
range with a very short holding time to avoid de- 
carburization and/or “chicken-wire” cracking. This 
applies particularly to head plates over 2 in. thick. 
Heads that are less than 2 in. thick may be hot 
pressed in the temperature range of 1800 to 2000° 
F. It is a general practice to normalize all heads 
that are 2 in. or more in thickness. This normalizing 
heat treatment is identical to that outlined in the 
preceding paragraph for plates. 


Intermediate Heat Treatments During Fabrication 
of Carbon-Steel Pressure Vessels 

Any intermediate heat treatments required dur- 
ing the fabrication of carbon-steel pressure vessels, 
after hot- and/or cold-forming operations are com- 
pleted, are generally performed in the temperature 
range of 1100 to 1200° F. The intermediate heat 
treatments required are determined by the thick- 
ness of the section, the carbon content of the plate 
and similar factors. 


Final Heat Treatment of Carbon-Steel Pressure 
Vessels 

It is common practice to apply a final heat treat- 
ment, after fabrication is completed, in accordance 
with the requirements of Section I or Section VIII 
of the ASME Boiler and Pressure Vessel Code. If a 
final heat treatment is required, the vessel may be 
heated slowly to a temperature range of 1100 to 
1200° F, held 1 hr. per inch of thickness, and cooled 
slowly in a still atmosphere to a temperature not 
exceeding 600° F. 


SECTION 3: HEAT TREATMENT OF CARBON- 
MOLYBDENUM-STEEL PRESSURE VESSELS 
—ASME SA-204 

SA-204 contains specifications for flange and fire- 
box quality plates for carbon-molybdenum-steel 
pressure vessels. The general information outlined 
in Section 2 of this report on the heat-treatment 
procedures after cold or hot forming of plates and 
heads applies equally well to carbon-molybdenum 
pressure vessels except that some fabricators may 
require a stress-relief heat treatment after normal- 
izing for Grade C (75,000 psi tensile strength) 
plates or heads. The same general comments on in- 
termediate heat treatments for carbon steels in 
Section 2 are applicable to carbon-molybdenum 
steels. 

Some fabricators use a slightly higher final heat- 
treating temperature range for carbon-molybdenum 
than for carbon-steel pressure vessels. If the ASME 
Boiler and Pressure Vessel Code specifies that the 
carbon-molybdenum-steel pressure vessel receive a 
final heat treatment after fabrication is completed, 
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it is common practice to heat the vessel slowly to a 
temperature range of 1100-1250° F, hold at the spe- 
cified temperature for 1 hr. per inch of thickness 
and cool slowly in a still atmosphere to a tempera- 
ture not exceeding 600° F. 


SECTION 4: HEAT TREATMENT OF MANGANESE- 
MOLYBDENUM-STEEL PRESSURE VESSELS— 
ASME SA-302 

SA-302 specification describes the flange and fire- 
box quality plates for the manganese-molybdenum- 
steel pressure vessels. The majority of the pressure 
vessels made of plates of this specification use 
Grade B or 80,000 psi minimum tensile strength 
plate. 

SA-302 plates may be purchased in the hot-rolled 
or annealed or normalized and stress-relieved con- 
dition, depending on the method of fabrication or 
customer requirements, 


Cold Forming of Manganese-Molybdenum-Steel 
Plates and Heads 

Experience indicates that all SA-302 plates should 
be annealed or preferably be normalized and stress 
relieved prior to cold forming. The maximum thick- 
ness permissible for cold forming is dependent on 
the radius to which the plate or head is to be bent. 
This radius is commonly based on producing a max- 
imum outer fiber stretch of 3 per cent in the plate 
or head, without requiring an intermediate stress- 
relief heat treatment. Other equally important fac- 
tors that control the maximum per cent strain on 
the outer fibers are discussed in Section 1 of this 
report and shall certainly be considered for man- 
ganese-molybdenum steels. 

If the outer fiber stretch of the plate exceeds 3 per 
cent, the cold-forming operation is generally done 
in two or more stages with the application of an 
intermediate heat treatment of 1125 to 1250° F 
when the first stage of cold forming has approached 
the 3 per cent outer fiber stretch. 


Hot Forming of Manganese-Molybdenum-Steel 
Plates and Heads 

The hot forming of SA-302 plates and heads is 
usually performed in accordance with the general 
procedure outlined in Section 2 of this report for 
carbon steel. It is common practice either to anneal 
or normalize and stress relieve all plates and heads, 
regardless of thickness, after hot forming before 
proceeding with further fabrication operations. Hot 
formed plates are cold formed or “cold sized” to ob- 
tain the required tolerance on circularity. No heat 
treatment is required after this cold forming opera- 
tion since the outer fiber stretch is usually less than 
1 per cent. 


Annealing or Normalizing and Stress-Relieving 
Heat Treatments 


The annealing heat treatment’ may be specified 
as follows: Heat slowly to 1550-1600° F, hold at this 
temperature 1 hr. per inch of thickness and slowly 
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cool to 1200° F, followed by cooling in still air. 

Normalizing and stress-relieving heat treatment 
is often performed because higher impact values 
are obtained than with the full anneal. The normal- 
izing temperature may vary from 1600 to 1800° F, 
depending on whether the plates are purchased to 
regular mill practice or fine-grain steel melting 
practice. If the plates are purchased to regular SA- 
302 specification, 1600 to 1700° F is the normalizing 
temperature often used; whereas, plates purchased 
to SA-302 made to a fine-grain deoxidation practice 
may be normalized at a higher temperature range. 
Since the plate made to fine grain practice is killed 
with a greater per cent of aluminum than normally 
used for regular SA-302 material, the higher nor- 
malizing temperature will aid in breaking up the 
“banding” and will increase the tensile strength of 
che plates and heads. The stress relieving tempera- 
cure after normalizing may range from 1125 to 
1250° F, depending on the tensile strength obtained 
on the normalized plate. Some fabricators check the 
microstructure and hardness of the plates and heads 
after the normalizing heat treatment to be certain 
that the material is fine grained and the hardness is 
sufficiently high so that the subsequent stress relief 
will not lower the tensile strength below the mini- 
mum specified for the grade of SA-302 that is being 
fabricated. 


Intermediate Heat Treatments of 
Manganese-Molybdenum-Steel Pressure Vessels 

Any intermediate heat treatments required dur- 
ing the fabrication of manganese-molybdenum-steel 
pressure vessels, after hot and/or cold forming 
operations are completed may be satisfied by a tem- 
perature range of 1125 to 1250° F. The plate thick- 
ness and fabricating procedure used will determine 
the need for intermediate heat treatments. 


Final Heat Treatment of 
Manganese-Molybdenum-Steel Pressure Vessels 
Both Sections I and VIII of the ASME Code spe- 
cify that SA-302 pressure vessels shall be given a 
stress-relief heat treatment. Experience indicates 
that the pressure vessel shall be slowly heated to a 
temperature range of 1125 to 1250° F, held 1 hr. per 
inch of thickness, and cooled slowly in a still air 
atmosphere to a temperature not exceeding 600° F. 


SECTION 5: HEAT TREATMENT OF MANGANESE- 
STEEL PRESSURE VESSELS 

This group includes the plate specifications that 
contain more than 0.90 per cent manganese (except 
SA-302) as the major alloying element. The follow- 
ing ASME specifications describe plates of flange 
and firebox quality for use in boilers and other 
pressure vessels: 

SA-202. Chrome-Manganese-Silicon Alloy-Steel 
Plates for Boilers and Other Pressure Vessels. 

SA-225. Manganese-Vanadium Steel Plates for 
Boilers and Other Pressure Vessels. 

SA-299. High-Tensile Strength Carbon-Mangan- 


ese-Silicon Steel Plates for Boilers and Other Pres- 
sure Vessels. 

The general information presented for mangan- 
ese-molybdenum steel plates in Section 4 of this re- 
port on the heat-treatment procedures after cold or 
hot forming of plates and heads is generally consid- 
ered by most fabricators to apply to this group of 
plate materials. The same general requirements for 
intermediate heat treatments for manganese-molyb- 
denum steel plate in Section 4 are applicable to the 
steel plates in this group. If the ASME Boiler and 
Pressure Vessel Code specifies that pressure vessels 
made of SA-202, SA-225 or SA-299 plates receive a 
final heat treatment after fabrication is completed, 
it is recommended that the vessel be heated slowly 
to a temperature range of 1100 to 1250° F, held at 
the specified temperature for 1 hr. per inch of thick- 
ness and cooled slowly in a still atmosphere to a 
temperature not exceeding 600° F. 

SECTION 6: HEAT TREATMENT OF 
CHROMIUM-MOLYBDENUM-STEEL PRESSURE VESSELS 
ASME Specification SA-301 covers % per cent 

chromium-'% per cent molybdenum and 1 per cent 
chromium-% per cent molybdenum steel plates, 
while SA-357 covers 5 per cent chromium-% per 
cent molybdenum steel plates. 

ASME Specification SA-387 covers five grades of 
chromium-molybdenum steel plates ranging from 
\% per cent chromium-% per cent molybdenum to 
3 per cent chormium-l1 per cent molybdenum. 
Group I is composed of three grades containing not 
more than 1.5 per cent chromium and designated 
A. B and C. Group II consists of two grades con- 
taining between 2 and 3% per cent chromium and 
designated D and E. The various grades have the 
following general chemical compositions: 


Molyb- 
Chromium, denum, 
Grade % % 
A 
B 1 % 
1% 
D 2% 1 
E 3 1 


It will be noted that Grades A and B of SA-387 
are comparable to Grades A and B of SA-301. 
Group II plates and SA-357 plates are intended for 
mildly corrosive service, as well as for elevated- 
temperature service. 

Heat Treatment of Group I Plates 
(Grades A, B and C) 

SA-387 states the following: “All plates shall be 
treated to produce grain refinement either by an- 
nealing or normalizing and tempering or heating 
uniformly for hot forming followed by tempering. 
If the required treatment is to be obtained in con- 
junction with the hot-forming operation, the tem- 
perature to which the plates are heated for hot 
forming shall be equivalent to and shall not signifi- 
cantly exceed the annealing or normalizing tem- 
perature.” 
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TREATMENT OF PRESSURE-VESSEL STEELS 


Heat Treatment of Group II (Grades D and E) and 
SA-357 Plates 

SA-387 states the following: “All plates in Group 
II shall be annealed or normalized and tempered by 
the plate manufacturer. The tempering temperature 
shall not be less than 1200° F. Heat treatment in- 
volving quenching in a liquid medium is not per- 
mitted.” 

SA-357 specifies that all plates shall be annealed. 


Cold Forming of Chromium-Molybdenum-Steel 
Plates and Heads 

Chromium-molybdenum-steel plates may be heat 
treated either by annealing or normalizing and tem- 
pering, depending on the particular specification, 
prior to cold forming. Other equally important fac- 
tors that control the maximum per cent strain on 
the outer fibers are discussed in Section 1 of this 
report and shall certainly be considered for chrom- 
ium-molybdenum steels. The maximum thickness 
permissible for cold forming is dependent on the 
radius to which the plate or head is to be bent. Most 
fabricators specify that this radius be based on a 
maximum outer fiber stretch of 3 per cent in the 
plate or head, without requiring an intermediate 
stress-relief heat treatment. 

If the outer fiber stretch of the plate exceeds 3 
per cent, the cold-forming operation is generally 
performed in two or more stages with the applica- 
tion of an intermediate heat treatment of 1150 to 
1300° F when the first stage of cold forming has 
approached the 3 per cent outer fiber stretch. Heads 
are generally hot pressed rather than cold formed. 
The exceptions to this statement will be relatively 
thin heads of a suitable diameter that no tearing or 
wrinkling can occur in the head during the cold- 
forming or cold-pressing operation. 


Hot Forming of Chromium-Molybdenum-Steel 
Plates and Heads 

The hot forming of SA-387, SA-301 and SA-357 
chromium-molybdenum steel plates and heads is 
usually performed in accordance with the general 
procedure outlined in Section 2 of this report for 
carbon steel. It is common practice either to anneal 
or normalize and stress relieve all plates and heads, 
regardless of thickness, after hot forming before 
proceeding with further fabrication operations. Hot 
formed plates are cold formed or “cold sized” to 
obtain the required tolerance on circularity. No 
heat treatment is required after this cold-forming 
operation since the outer fiber stretch is generally 
‘less than 1 per cent. 


Annealing or Normalizing and Tempering Heat 
Treatments 

The annealing heat treatment’ may be specified 
in the following manner for the chromium-molyb- 
denum steels: 

Heat slowly to 1550-1675° F, hold at this temper- 
ature 1 hr. per inch of thickness and slowly cool to 
1200° F, followed by cooling in still air. 
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The normalizing and tempering heat treatments 
vary widely for the different groups of chromium- 
molybdenum plates. The normalizing temperature 
for Grades A, B and C (% per cent Cr-% per cent 
Mo to 1% per cent Cr-% per cent Mo) of Group I 
of SA-387 may be from 1625 to 1725° F. Although 
there may be cases, particularly for Grade A, where 
the normalized plate will meet the tensile require- 
ments without a tempering heat treatment, it is gen- 
erally considered good practice to apply a temper- 
ing heat treatment after normalizing. This temper- 
ing heat treatment may vary from 1125 to 1300° F 
depending on the grade of plate. 

The normalizing temperature for Grades D and E 
of SA-387 (2% per cent Cr-1 per cent Mo and 3 per 
cent Cr-1 per cent Mo) and SA-357 (5 per cent Cr- 
¥% per cent Mo) may be from 1650 to 1750° F. The 
tempering heat treatment after normalizing may 
vary from 1200 to 1350° F depending on the grade 
of plate. 

Some manufacturers and fabricators check the 
microstructure and hardness of the plates and heads 
after the normalizing heat treatment to make cer- 
tain that the material is fine grained and the hard- 
ness value thus obtained may be used as a guide 
for the subsequent tempering heat treatment. 


Intermediate Heat Treatments of Chromium- 
Molybdenum-Steel Pressure Vessels 

Any intermediate heat treatments required dur- 
ing the fabrication of chromium-molybdenum-steel 
pressure vessels, after hot- and/or cold-forming op- 
erations are completed, may be in the temperature 
range of 1125 to 1350° F depending on the type or 
grade of chromium-molybdenum steel plate. The 
frequency of such intermediate heat treatments will 
be determined by the specific fabrication procedure 
and the plate thickness of the pressure vessels. 


Final Heat Treatment of Chromium- 
Molybdenum-Steel Pressure Vessels 

Section I of the ASME Code requires that all chro- 
mium-molybdenum-steel pressure vessels be stress 
relieved. Section VIII specifies that all chromium- 
molybdenum-steel pressure vessels of Grade B or 
higher alloy content be stress relieved. The excep- 
tion that Section VIII makes is for Grade A (% 
per cent chromium-2 per cent molybdenum) pres- 
sure vessels less than 0.58 in. thick in which case 
no stress relief is required. 

It is common practice to stress relieve the pres- 
sure vessels in Group I of SA-387 (Grades A, B and 
C) by heating them slowly to a temperature range 
of 1150 to 1300° F, holding 1 hr. per inch of thick- 
ness at temperature, and cooling slowly in a still 
air atmosphere to a temperature not exceeding 600° 
F. The same general practice is followed for stress 
relieving pressure vessels in Group II of SA-387 
(Grades D and E) and SA-357, except the tempera- 
ture range for stress relieving may be 1200 to 
1350° F. , 
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SECTION 7: HEAT TREATMENT OF 
NICKEL-STEEL PRESSURE VESSELS 


Heat Treatment of Low-Nickel-Steel 
Pressure Vessels—ASME SA-203 

Specification SA-203 covers flange and firebox 
quality plates of 2.00 to 2.75 per cent and 3.25 to 
3.75 per cent nickel steels. The various grades have 
the following general chemical composition 


Grade Carbon, Nickel, 
max., 
% 

A 0.17 2.5 
B 0.20 25 
Cc 0.25 2.5 
D 0.17 3.5 
E 0.20 3.5 


SA-203 plates may be purchased in the hot-rolled 
or normalized or normalized and _ stress-relieved 
condition depending upon the customer’s require- 
ments. Plates over 2 in. in thickness shall be treated 
to produce grain refinement either by normalizing 
or heating uniformly for hot work. 

The majority of pressure vessels made of plate of 
this specification are of Grade D material in the 
normalized condition and stress relieved after fabri- 
cation. 

The general information outlined in Section 2 of 
this report on heat-treatment procedures after cold 
work or hot forming of plates and heads applies 
equally well to nickel-steel pressure vessels except 
that some fabricators require a stress-relief heat 
treatment after normalizing of Grades B, C and E. 

The maximum temperature for stress-relief heat 
treatment should not exceed 1175° F as nickel low- 
ers the critical temperature range. 


Heat Treatment of High-Nickel-Steel 
Pressure Vessels—ASME SA-353 
Specification SA-353 covers one grade of 8.50- 
9.50 per cent nickel-steel plate of firebox quality. 
The plates before being fabricated shall be uni- 
formly heat treated to produce grain refinement. 
This is usually accomplished by a single normaliz- 
ing consisting of heating to 1600° F, holding at tem- 
perature for a minimum of 1 hr. per inch of thick- 
ness, but in no case less than 1 hr., and cooling in 
air; or by double normalizing at 1650 and 1450° F. 


Cold Forming High-Nickel-Steel Plate 


High-nickel steel in the as-rolled or normalized 
condition has a tightly-adhering highly-refractory 
scale which should be removed by pickling or sand- 
blasting. The scale formed by stress-relieving treat- 
ments is not sufficiently heavy to affect fabricating 
operations. 

Before cold forming, SA-353 plate should be 
stress relieved by heating to 1025 to 1085° F, hold- 
ing at temperature for a minimum of 2 hr. for thick- 
nesses up to 1 in. plus 1 hr. for each additional inch 
of thickness, and cooled in still air to a temperature 


not exceeding 600° F. The maximum thickness per- 
missible for cold forming is dependent on the radius 
to which the plate or head is to be bent but general- 
ly plate of SA-353 over 1 in. is hot formed. 

If the outer fiber stretch of the plate exceeds 3 
per cent, the cold-forming operation is generally 
done in two or more stages with the application of 
an intermediate heat treatment of 1025 to 1085° F. 


Final Heat Treatment of High-Nickel-Steel 
Pressure Vessels 

The final heat treatment of SA-353 pressure ves- 
sels shall consist of heating uniformly to a tempera- 
ture between 1025 and 1085° F, holding for a mini- 
mum of 2 hr. for thicknesses up to 1 in., plus a 
minimum of 1 hr. for each additional inch of thick- 
ness, and cooling in still atmosphere to a tempera- 
ture not exceeding 600° F. 


SECTION 8: HEAT TREATMENT OF QUENCHED-AND- 
TEMPERED LOW-ALLOY-STEEL PRESSURE VESSELS 

Case No. 1204 was approved by the ASME Coun- 
cil on Nov. 15, 1955. This Case gave permission to 
use quenched-and-tempered alloy-steel plates of 
firebox quality and alloy-steel forgings in the con- 
struction of welded pressure vessels under the rules 
of Section VIII of the Code with several additional 
mandatory requirements. Among these mandatory 
requirements were the following: 

1. The maximum thickness of shell and head 
plates shall be 2 in. 

2. The maximum operating temperature shall not 
exceed 650° F. 

3. The requirements of Paragraph UG-84 shall be 
met for vessels that are to operate at temperatures 
below —20° F. 

4. Chemical composition: 


0.10-0.20 


5. Heat treatment: The material shall be treated 
by the material manufacturer to produce the fol- 
lowing tensile requirements by heating to not less 
than 1650° F, quenching in water between 50 and 
100° F, and tempering to not less than 1150° F with 
a holding time of 1 hr. per inch of thickness, but 
in no case less than % hr. 


Tensile strength, psi, min. ................. .. 105,000 


6. Shell plates shall not be heated for forming to 
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a temperature higher than 1100° F. Other parts, in- 
cluding heads, that are heated for forming to tem- 
peratures over 1100° F shall be heat treated by the 
manufacturer of the head or part. Forgings shall be 
heat treated by the manufacturer of the forging. 
Test specimens prepared from full thickness ma- 
terial in its final heat treated condition, or from 
full thickness samples similarly and simultaneously 
treated, shall be taken from any pressure parts that 
have been heat-treated above 1100° F after forming. 

7. When the shell or head thickness exceeds 0.58 
in., the finished vessel shall be stress relieved as 
provided in Paragraph UCS-56(c). The stress re- 
lieving temperature shall be between 1000 and 
1100° F (at least 50° F below the minimum temper- 
ing temperature). 

Cautionary Note: Filler metal deposited by nick- 
el-molybdenum-vanadium type of electrodes can 
become embrittled at the above stress relieving 
temperature. 

The points discussed above only pertain to that 
portion of Case No. 1204 regarding mandatory heat 
treatment and fabrication requirements. Many other 
requirements that must be met in the construction 
of welded pressure vessels are specified in this Code 
Case, but these requirements are beyond the scope 
of this report. The high tensile properties specified 
for this type of low-alloy steel are obtained by 
water quenching from a temperature of not less 
than 1650° F with a mandatory minimum tempering 
temperature of 1150° F. 


SECTION 9: GENERAL METALLURGICAL CONSIDERATIONS 
IN THE HEAT TREATMENT OF CARBON- AND 
LOW-ALLOY-STEEL PRESSURE VESSELS 

Stout! has ably summarized the effects of pre- 
heating and postheating of pressure-vessel steels 
with particular emphasis on the soundness and 
mechanical properties of welds. He also includes a 
table containing recommended preheating and post- 
heating temperatures for various carbon contents 
and thicknesses of the grades of steel commonly 
used for pressure vessels except for chromium- 
molybdenum steels. Stout discussed the purpose 
and effects of preheating and postheating. He stated 
that preheating is used by the welding engineer be- 
cause it helps 

1. To prevent the formation of cracks in the weld metal 

or in the heated base metal. 

2. To reduce distortion of the weldment. 

3. To avoid loss of ductility and toughness in the weld 

and base metal. 

These practical benefits are obtained from pre- 
heating by the following actions: (a) the thermal 
gradient is reduced; (b) the cooling rate is reduced. 

Stout stated that postheating is used to produce 
two principal beneficial effects: 

1. Residual stresses can be relieved to a low level. 

2. The heat-affected base metal is softened and 
toughened by the metallurgical changes, and any 
dissolved hydrogen present is given an added op- 
portunity to escape. 
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The authors suggest some additional benefits of 
postheating or stress relieving: 

1. It reduces the hardness of the base metal after 
hot forming or heat treating above the upper criti- 
cal temperature. 

2. It reduces the hardness of the weld metal thus 
giving added toughness to the weldment. 

The reduction of the hardness of the weld metal 
and heat-affected zones in the base metal is more 
important for some of the low-alloy steels than for 
carbon steels and is the primary reason for post- 
heating or stress relieving some of the low-alloy 
steels at the higher temperature ranges. 

The reports prepared by Stout and his associ- 
ates,'° under the sponsorship of the Materials and 
Fabrication Divisions of the Pressure Vessel Re- 
search Committee, represent the most complete 
compilation of data for carbon-steel pressure vessels 
that the authors could find in the literature survey 
made for the preparation of this report. Some of 
their conclusions are listed below in the following 
summary: 

1. Two heats of steel were studied—(1) ASTM 
A-70 or A-285 rimmed steel and (2) ASTM A-201 
aluminum-killed steel. 

2. The notch toughness of the rimmed A-285 steel 
was inherently lower than that of the aluminum- 
killed A-201 steel. 

3. Prestraining (up to 10 per cent), welding or 
heat treatment altered the properties of both A-201 
and A-285 steels in the same direction and to about 
the same extent. 

4. Edge preparation—Shearing seriously lowered 
the notch resistance of both A-201 and A-285 steels. 
Oxygen cutting had a much less severe effect. Post- 
heating, especially normalizing at 1600° F, was 
effective in restoring the loss of notch toughness 
induced by shearing or oxygen cutting. Postheat- 
ing at 1150° F was noticeably beneficial to the steels 
but not as effective as normalizing treatment. This 
was an indication that the loss of notch toughness 
was due to the heat-affected zone in the case of the 
oxygen-cut edge or to the plastic deformation of the 
sheared edges and not due to the small notches in- 
troduced by these operations. Machined edges con- 
sistently showed excellent toughness with low tran- 
sition temperatures. 

5. Cold forming—Cold working did not seriously 
lower the ductility or notch toughness of these 
steels. Heating to temperatures up ot 800° F after 
cold working produced considerable loss of notch 
toughness because of strain-aging effects. The 
rimmed and killed steels showed equal susceptibili- 
ty to strain aging. Heating to normalizing tempera- 
ture of 1600° F was necessary to completely erase 
the effects of cold working. 

6. Welding—Welding reduced notch touchgness 
or raised the transition temperatures of the carbon 
steels more than cold working and strain aging. 
Cold-worked specimens were only slightly less 
notch tough after being welded than were un- 
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strained specimens after welding. Thus the effects 
of cold working and welding did not appear to be 
additive. Postheating to 1100° F or above restored 
much of the loss of notch toughness due to welding. 

7. Transition temperature tests on spherically 
hot- and cold-pressed specimens indicated that cold 
gressing definitely raised the transition tempera- 
ture, whereas hot pressing resulted in transition 
temperatures that were equal to or better than the 
unpressed rimmed (A-70 or A-285) or aluminum- 
killed (A-201) steels. 

These conclusions were based on laboratory test 
data and were the results of a five-year program at 
Lehigh University. 

The possibility of drawing definite conclusions 
about the effects of fabrication operations on service 
properties from these laboratory tests is hampered 
by the fact that there are factors which enter into 
the manufacture of pressure vessels which could 
not be incorporated into these laboratory tests. 
However, these tests do provide information about 
the direction and extent of the effects that cold 
forming and welding may produce in carbon-steel 
pressure vessels of A-70 or A-285 rimmed steel and 
A-201 aluminum-killed steel. 


Brittle Fracture 

Considerable attention has recently been focused 
on “brittle fractures,” particularly with regard to 
failures that have occurred in a brittle manner at 
temperatures above which the material had been 
considered satisfactory for the intended applica- 
tions. It was found that some of the steels investi- 
gated may have a transition temperature as high as 
+100° F, depending on various metallurgical fac- 
tors such as deoxidation practice, composition, roll- 
ing practice and subsequent heat treatment. Arm- 
strong* and co-authors discussed four conditions 
that control the tendency for steel to behave in a 
brittle manner. These conditions include (1) high 
stress concentrations—i.e., notches, nicks, scratches, 
internal flaws or sharp changes in geometry; (2) 
high rate of straining; (3) a low operating tempera- 
ture; and (4) several metallurgical factors. 

The metallurgical factors, including deoxidation 
practice, composition, rolling practice and subse- 
quent heat treatment, influence that transition tem- 
perature of steel which, under the worst conditions, 
may be above 100° F or, under the best conditions, 
below —200° F. 

The transition from ductile to brittle behavior of 
a steel is generally expressed in terms of tempera- 
ture. McGeady® reports on carbon-steel pressure 
vessels in a temperature range from +32 to —50° F, 
with particular emphasis on transition temperature 
behavior. He states that on failed pressure vessels, 
failure has been generally associated with brittle- 
ness of the steel at operating temperature at the 
time of failure. Pellini'® discusses three critical 
transition temperatures and the comparative values 
as determined by the Charpy V-notch test, the 
crack-starter explosion test and the drop-weight 


test. He also points out that there are four possible 
paths along which brittle fracture may propagate. 
These are: (1) the plate, (2) the heat-affected zone, 
(3) the fusion line and (4) the weld metal. Propa- 
gation through any given path becomes possible 
only if the service temperature is below the critical 
fracture temperature for that zone. Transition tem- 
peratures determined by notch tests furnish valu- 
able information for design, but as yet these data 
are qualitative because test data for only a few 
steels have been correlated with actual service per- 
formance. 

The above references**'’ are only a few of 
many reports and papers that have been written on 
the subject of “ductile and brittle fractures.” It is 
recognized that accelerated cooling, such as spray 
quenching or even dip quenching, from above the 
upper critical temperature followed by stress re- 
lieving or tempering heat treatment is beneficial in 
lowering the temperature at which a material be- 
comes notch sensitive or gives a “brittle” fracture. 
The practical application of an accelerated cooling 
treatment, such as spray or dip quenching to pres- 
sure vessels is a problem to many fabricators. Good 
design and excellent workmanship are just as im- 
portant in the life of a pressure vessel as high notch 
toughness in plate materials and weld metals. The 
ASME Boiler and Pressure Vessel Code Committee 
has recently appointed a Special Committee on 
Brittle Fracture to study and correlate the data ob- 
tained on this subject with regard to boiler and 
pressure-vessel components. 


High-Temperature Properties 

Romer and Newell" discuss the significance of 
the time factor in testing in relationship to long-life 
high-performance steam-generating equipment as 
well as the general effects of metal oxidation from 
steam and combustion atmospheres. The relative 
merits of long-time creep tests and stress-rupture 
tests are considered, A résumé is given of field ex- 
perience on carbon and alloy steels. It was empha- 
sized that the metallurgical stability of steels is im- 
portant in maintaining creep strength and is neces- 
sary to prevent severe modification of mechanical 
properties through effects such as spheroidization 
of carbide phase, graphitization or formation of 
sigma phase in highly alloyed steels. However, the 
formation of sigma phase is not a problem in the 
carbon and low-alloy pressure-vessel steels. 

Wylie and Thielsch” prepared an interpretive en- 
gineering statement of the present knowledge on 
the creep and stress-to-rupture characteristics of 
pressure-vessel steels. These authors pointed out 
that, in the design of pressure vessels for service 
applications at elevated temperatures, various fac- 
tors may impose limitations on the service life. 
Thus, such factors as creep and stress-rupture, fa- 
tigue, surface oxidation, structural changes within 
the material, corrosion and others have to be con- 
sidered in the selection of materials and in the de- 
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sign of pressure vessels. Among these, creep and 
stress-rupture represent two of the more important 
factors. 

There is some information in the British litera- 
ture to the effect that temperatures of 1300-1350° F 
are not beneficial to the long-time characteristics of 
certain chromium-molybdenum steels. One authori- 
ty in Great Britain statés that, in general, short- 
time heatings at these temperatures tend to break 
down the carbide structure which influences the 
long-time stability of these steels. However, there 
seems to be general disagreement among the author- 
ities in the United States as to any harmful effects 
of the 1300-1350° F stress-relieving heat treatment; 
so, until such time as definite harmful effects are 
shown to be due to this heat-treating range, many 
.abricators will continue to use the temperature 
vange of 1300-1350° F for final heat treatment of 
some of the grades of chromium-molybdenum pres- 
sure vessels. 

Chromium-Molybdenum Weld Properties 

Carpenter and Floyd ** have presented the latest 
data on low-carbon (0.05 per cent max.) chromium- 
molybdenum electrodes for welding materials con- 
taining from % to 5 per cent chromium and % to 
1 per cent molybdenum. This paper includes the 
effect of carbon on chromium-molybdenum welds, 
coating characteristics of these E-XX15 low-carbon 
limecoated chromium-molybdenum electrodes, se- 
lection of electrodes, weld groove design and prep- 
aration, preheat, welding technique and postweld 
heat treatment. The room-temperature mechanical 
properties of these welds in the as-welded condition 
as well as stress relieved at different temperatures 
in the range of 1150 to 1350° F have been presented. 
Data on tensile tests conducted at temperatures of 


800 to 1100° F on the various types of low-carbon 


chromium-molybdenum weld metals in both the as- 
welded and 1350° F postweld heat-treated condi- 
tions are included in the paper. Stress rupture 
strength of these weld metals from tests conducted 
at temperatures of 1000 to 1200° F is compared to 
stress rupture data on wrought materials of similar 
chemical compositions. Some general data are also 
presented on 7 per cent chromium-'% per cent mo- 
lybdenum and 9 per cent chromium-1l per cent mo- 
lybdenum weld deposits. Other topics of general in- 
terest included in this paper are studies of carbon 
migration and temper brittleness of low-carbon 
chromium-molybdenum weld metals. 


SECTION 10: SUBJECTS FOR FURTHER INVESTIGATION 
AND STUDY 

In view of the lack of information in the literature 
regarding the fabrication and heat treatment of low- 
alloy plate materials, it is apparent that there are 
many subjects that should be investigated to give 
the fabricators essential basic information that is 
necessary for further progress in the fabrication of 
pressure vessels. There are also many controversial 
subjects that have been investigated through the 
use of small laboratory specimens but have not been 
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proven by shop practices. 

Some of the questions that should receive serious 
consideration in further pressure vessel investiga- 
tions are the following: 

1. May lower stress-relieving temperatures be 
used for low-alloy-steel pressure-vessels than now 
employed by most fabricators? 

2. Can sufficient data be gathered for the ASME 
Boiler and Pressure Vessel Code Committee to per- 
mit the relaxation of the requirements for Section I 
pressure vessels to the extent permitted for Section 
VIII pressure vessels? 

3. May the postheat treatment (stress relief) of 
low-alloy-steel pressure vessels be eliminated in the 
following plate materials for wall thickness less 
than 0.58 in.? SA-301 Grade B or SA-387 Grade B 
(1 per cent Cr-% per cent Mo); SA-387 Grade C 
(1% per cent Cr-% per cent Mo); and SA-302 
(Mn-Mo). 

4. What are the effects of the different types of 
heat treatment on the notch toughness of low-alloy 
pressure-vessel steels? 

5. What are the effects of time and temperature 
of postheat treatment on the notch toughness of 
low-alloy pressure-vessel steels? 

6. What is the relative importance of residual 
stresses compared to softening effects on hard mi- 
crostructures in postheat treatment (stress relief) 
of low-alloy pressure-vessel steels? 

7. What are the maximum limits (maximum outer 
fiber stretch) that can be safely used in cold form- 
ing carbon-steel and low-alloy plates without re- 
quiring intermediate heat treatments? 

8. What are the effects of postheat treatment 
(stress relief) at 1350° F on the creep and stress 
rupture properties of chromium-molybdenum pres- 
sure vessels? 

A task group was appointed approximately two 
years ago by the ASME Boiler and Pressure Vessel 
Code Committee to make recommendations on 
“Correlation of Stress Relieving, Radiographing 
and Welding Requirements.” 

With regard to Questions 1-3, the Subcommittee 
on Unfired Pressure Vessels has studied the Task 
Group’s recommendation and approved revisions in 
Paragraph UCS-56 and has proposed a new Table 
UCS-56 of Section VIII, “Rules for Construction of 
Unfired Pressure Vessels,” on heat treatment re- 
quirements for carbon and low-alloy steels that re- 
lax some of the restrictive requirements on the low- 
alloy steels that are not classified as air-hardening 
steels. The main ASME Boiler and Pressure Vessel 
Code Committee is considering these revisions at 
the present time. Meanwhile, the Subcommittee on 
Power Boilers is considering the report of the Task 
Group with regard to revisions of Section I, “Rules 
for Construction of Power Boilers.” 

In consideration of Questions 4, 5 and 8, the 
authors’ company has development programs in 
progress on these topics. Reference 13 contains 
some pertinent data on Question 8. 
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A novel heat exchanger applicable to thermal energy transfer between 
two gases has recently been developed by Wellington Laboratory of 
Convair. The two gases flow in a longitudinally divided cylindrical duct. 
A rotating matrix in the duct, driven by the gas flow or by an external 
power source, transfers the energy from the hot stream to the cold stream. 
The design is said to offer high efficiency with low core weight. 

A new concept in ship structural design is incorporated in plans for a 
Swedish tanker developed by Transoil-Rederierna. In this design the bulk- 
heads are no longer transverse; instead, they are V-shaped with the point 
of the V aft, angling back at about 45 degrees from the transverse line. 
The deck beams are also constructed in a V-shape, angling forward. The 
primary advantage claimed is reduction in peak shear stresses due to 
partial loading of the tanks. The designer is presently negotiating for the 
construction of a 45,000 ton tanker to this arrangement, which has been 


approved by Lloyd's Register. 
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THE UNITED STATES NAVY 
GUARDIAN OF OUR COUNTRY 


The United States Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 


It is upon the maintenance of this control that our country's glorious future 
depends; the United States Navy exists to make it so. 


WE SERVE WITH HONOR 


Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watch- 
words of the present and the future. 


At home or on distant stations we serve with pride, confident in the re- 
spect of our country, our shipmates, and our families. 


Our responsibilities sober us; our adversities strengthen us. 
Service to God and Country is our special privilege. We serve with honor. 


THE FUTURE OF THE NAVY 


The Navy will always employ new weapons, new techniques, and greater 
power to protect and defend the United States on the sea, under the sea, 
and in the air. 


Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 


Mobility, surprise, dispersal, and offensive power are the keynotes of the 
new Navy. The roots of the Navy lie in a strong belief in the future, in 
continued dedication to our tasks, and in reflection on our heritage from 
the past. 


Never have our opportunities and our responsibilities been greater. 
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ROSS E. MORRIS and ROBERT R. JAMES 


BONDED ELECTRICAL-RESISTANCE 
STRAIN GAGES 


THE AUTHORS 


Ross E. Morris, since 1939 civilian in charge of the Navy’s rubber laboratory, 
Mare Island Naval Shipyard, Vallejo, California, was graduated from the 
California Institute of Technology with a M.Sc. in chemical engineering in 
1932. After receiving further education in rubber chemistry at the University 
of Akron, he served in various technical capacities in the Goodyear Tire and 
Rubber Company plants in Akron, Ohio, and Los Angeles, California, and 
was chief chemist of the Kelly Springfield Tire Company in Cumberland, 
Maryland, before entering the employ of the Navy. He has been a director of 
the Rubber Division of the American Chemical Society and president of the 
Northern California Rubber Group. He is the author or co-author of 50 pub- 
lished articles on rubber technology. 

Robert R. James has been a section head in the Mare Island rubber Labora- 
tory since 1941. He was educated at Compton Junior College, University of iy 
Southern California and University of California, receiving a degree in chem- " 
istry from the latter institution. He was employed at the Goodyear Tire and 
Rubber Company, Los Angeles, California, for 12 years, and was chief com- 
pounder of that organization before coming to Mare Island. Mr. James was 
also a director of the Rubber Division of the American Chemical Society, and 
was successively secretary and vice president of the Northern California 
Rubber Group. He is the author or co-author of many published reports on 
the technical aspects of rubber. 


ie BONDED electrical-resistance strain gage is a 
device for measuring the compression or extension 
of a metal surface subjected to stress (1). The gage 
is cemented to the metal surface. The strain in the 
surface resulting from the stress causes a very small 
but proportional change in the electrical resistance 
of the gage. By measuring the change in resistance 
of the gage, the strain in the metal surface can be 
accurately determined. 

The bonded strain gage has found wide applica- 
tion in engineering practice because, for the first 
time, it has enabled the engineer to measure easily 
the strains existing in a composite structure. The 
gage, however, has a drawback from the standpoint 
of measuring strains in marine structures; it cannot 
be used under water without special protection. 
Since the electrical resistance of the gage is its cri- 


ticai feature, penetration of water into the gage 
makes it worthless. 

Several methods for waterproofing strain gages 
have been developed in the past and used with vary- 
ing degrees of success (1, 2, 3). Most of the failures 
of gages waterproofed by these methods have prob- 
ably been due to lack of adhesion between the 
jacket of the cable carrying the extension leads and 
the waterproofing material, although such failure 
could not have occurred with the arrangement pro- 
posed by Koch, Boiten, et al (3). The latter arrange- 
ment employs a rubber cap vulcanized to the jacket 
of the cable carrying the lead-in wires to the gage. 

The purpose of this paper is to describe a new 
method for waterproofing strain gages. This method 
has some similarity to Boiten’s method, but was in 


fact developed before the latter method came to the 


A.S.N_E. Journal, August 1957 527 


; 


3 
J 
ie 
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authors’ attention. The authors’ method, as will be 
shown later in the report, has been proved suitable 
for use with hydraulic pressures, whereas Boiten 
made no claim in this regard. Further comparison 
of the two methods will be made at the end of this 
report. 


OUTLINE OF METHOD 


The authors’ method consists in brief of the fol- 
lowing steps: 

1. Mold a hollow rectangular neoprene dam on the neoprene 
jacket of a cable carrying three conductors. A neoprene 
dam being trimmed after molding is shown in Figure 1. 

2. Cement the active strain gage to the surface of the struc- 
ture being tested. A strain gage cemented to a steel] sur- 
face is shown in Figure 2. 

3. Cement a temperature-compensating strain gage to a 
small plate of the same metal as the structure being tested. 

4. Cement the neoprene dam to the surface of the structure 
being tested in such a manner that the active strain gage 
is centered in the hollow dam. This arrangement is shown 
in Figure 3. 

. Solder the leads from the active strain gage to two of the 
conductors from the cable. 

. Solder the leads from the temperature-compensating 
strain gage to two of the conductors from the cable. One 
of these conductors shall be common to both gages, as 
shown in Figure 4. 

7. Partially fill the hollow of the dam with electrical insulat- 
ing mastic. Place the plate with the temperature-com- 
pensating gage on the mastic and fill the hollow with 
mastic flush with the top of the dam. The filled dam is 
shown in Figure 5. 


o> 


Official U.S. Navy Photograph 


Figure 1. Neoprene dam being trimmed after vulcanizing 
to cable cover. 


Ojficial U.S. Navy Photograph 
Figure 3. Neoprene dam cemented to steel surface around 
strain gage. 


Official U.S. Navy Photograph 
Figure 4. Installation of temperature-compensating strain 


gage. 


Official U.S. Navy Photograph 
Figure 2. Strain gage cemented to steel surface. 
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Official U.S. Navy Photograph 
Figure 5. Dam filled with electrical insulating mastic. 
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WATERPROOFING BONDED STRAIN GAGES 


8. Cement a sheet of neoprene over the top of the dam to 
cover the electrical insulating mastic and strain gages. 
The completed waterproof covering is shown in Figure 
6 and a sketch of the vertical cross section of the as- 
sembly is shown in Figure 7. The waterproof covering 
should not be subjected to tension or shear strains for at 
least 48 hours after assembly. In static applications, the 
waterproof strain gage may be immersed immediately in 
water. 


Official U.S. Navy Photograph 
Figure 6. Completed waterproof covering for strain gage. 
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Official U.S. Navy Photograph 


STRAIN IS MEASURED 
Figure 7. Vertical cross section of waterproof covering 
assembly. 


RESULTS OF TRIALS 


A bonded electrical-resistance strain gage is not 
suitable for measuring strains unless its resistance 
to ground is greater than 1000 megohms. Several 
bonded strain gages were waterproofed following 
the described procedure, and were subjected to 500 
psi water pressure continuously for four months. At 
the end of this time, the resistance of the individual 
gages were found to be unchanged, and the resist- 
ance to ground of each gage was found to be over 
1000 megohms. This proved that gages waterproofed 
by the new method may be used safely under hy- 
draulic pressures. 

Since it may be desired to use strain gages on sur- 
faces over which water is flowing, the following test 
was performed. A triangular steel plate provided 
with a clevis at its apex for towing and a stabilizing 


fin was prepared. Two waterproofed bonded strain 
gages were attached symmetrically to the top sur- 
face of the plate and two to the bottom surface. 
Views of the assembly are given in Figures 8 and 9. 
The plate was towed behind a small boat for 2% 
hours at 15 knots. During this period the plate rolled 
and dove violently in the wake of the vessel, thus 
subjecting the neoprene dams around the gages to 
severe shearing forces. After this experience the re- 
sistance of the gages were found to be the same as 
before the test, and the resistance of the gages to 
ground were still over 1000 megohms. 


Official U.S. Navy Photograph 
Figure 8. Top view of tow plate showing waterproof strain 
gages. 


; Official U.S. Navy Photograph 


Figure 9. Bottom view of tow plate showing waterproof 
strain gages. 
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COMPARISON WITH BoITEN’s METHOD 

As mentioned above, Boiten’s method of water- 
proofing strain gages is similar to the method de- 
scribed here. He proposes the use of a rubber cap 
vulcanized to the insulation on the conductors. The 
leads from the strain gage are soldered to the ends 
of the conductors inside the cap. A bag of silica gel 
to absorb water vapor is placed in the cap, and the 
edges of the cap are cemented to the metal surface 
around the strain gage. Boiten does not suggest the 
use of his method for applications involving hydrau- 
lic pressure or water flow. 

The authors have not tried Boiten’s method, but 
it appears that this method has disadvantages, par- 
ticularly for applications where the gage is subjected 
to hydraulic pressure. This method does not place a 
temperature-compensating gage within the rubber 
cap, therefore a separate installation would have to 
be made of this gage. Collapse of the rubber cap un- 
der hydraulic pressure would cause the bag of silica 
gel to press against the strain gage and perhaps cre- 
ate extraneous strains in the gage besides the strain 
caused by the movement of the metal surface. 

The possibility of additional strains being created 
in the active and compensating gages by hydraulic 
pressure was considered during the evaluation of 
the authors’ method. It was found that the active 
gage gave the correct values of strain on a metal 
surface whether the waterproofed assembly was un- 
der atmospheric pressure or 500 psi water pressure. 
Evidently, the temperature-compensating gage also 
acts as a pressure-compensating gage, or the elec- 


trical insulating mastic acts like a true fluid and 
transmits the water pressure equally in all direc- 
tions to both gages so that no foreign strains are 


introduced. 
USE ON CURVED SURFACES 


It should be mentioned that this method has only 
been used for waterproofing strain gages installed on 
essentially flat surfaces. There is no reason, how- 
ever, why it should not be usable on curved sur- 
faces. On curved surfaces of considerable radius the 
flat dam would be suitable, since the cement layer 
on the metal surface would be strong enough to 
withstand the tendency of the dam to recover its 
original shape. On curved surfaces of relatively 
small radius, such as one foot or less, a curved dam 
having the proper radius should be used. 

Full details of this method—including mold de- 
sign, composition of the dam rubber, identification 
of the commercial cements and neoprene sheet, and 
the detailed steps of the procedure—can be obtained 
by writing to the authors. 
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The design and development of a shipborne wave recorder has been re- 
ported by M. J. Tucher to the Institution of Naval Architects. The meas- 


urement of the wave height relative to the ship is recorded by a pressure 


sensing device on the ship's hull. The measurement of the vertical ship 


displacement is obtained by electrical integration of the vertical com- 


ponent of an accelerometer. The two quantities, added together, give a 


continuous wave height measurement above an arbitrary datum plane. 
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« transportation of petroleum in bulk over the 
sea lanes of the world is a phase of maritime enter- 
prise of comparatively recent origin. Considering the 
significance of petroleum in our modern world, it is 
surprising to learn that the first ship designed ex- 
pressly to carry oil in bulk, rather than in wooden 
barrels or metal drums, was built as recently as 1886. 
This was the steamer Gliickauf, built in England for 
W. A. Riedemann, a German shipowner. She had a 
deadweight of only 3,020 tons, not impressive when 
compared to the giant tankers of the present, but 
important as the prototype of the world’s tanker fleet. 
Like them, she had steamdriven pumps located in 
a room separated from the cargo tanks by steel bulk- 
heads, and her engine-room was cut off from the tank 
area by twin bulkheads forming a cofferdam, a pat- 
tern of construction which has not altered with the 
years. 

In the seventy years which have elapsed since 
Gliickauf was launched, the increase in number, size, 
and speed of bulk oil carriers has been steady and 
remarkable, particularly since the end of World War 
I. In 1920, for example, the possibility of the so-called 
supertanker was only dimly envisioned. One or two 
daring owners built ships of about 22,000 tons, but 
most operators were content with the 12,000-ton 
ships, the accepted standard of that time. By the end 
of the decade, however, it was possible to find oil 
carriers of about 16,000 tons dead-weight, but their 
construction was considered to be a rather risky ven- 
ture. Almost without exception the tankers had a 
speed of eleven knots. 

It was World War II, with its vast distances and 
almost insatiable demands for petroleum products, 
which brought about a new standard for tankers. The 
construction by the United States government of 
hundreds of T-2 tankers, with a deadweight of about 
16,600 tons and a service speed of 14% knots, proved 
conclusively that the larger and faster ships were 
economically justifiable, Although a temporary re- 


version to the smaller and slower ships occurred 
immediately following the war, by 1947 a number of 
big ships was on order. The first were in the 25,000 
to 27,000 tons deadweight class, but they were fol- 
lowed rapidly by ships of 32,000 tons and later by 
vessels of 45,000 to 47,000 tons deadweight. Today, 
few tankers are built which have capacities of less 
than 16,000 tons, and these are all designed for spe- 
cial services. Speeds, too, have increased steadily, 
and sixteen knots is accepted as normal. World Glory, 
of 45,500 tons deadweight, has a speed of 17.3 knots, 
and W. Alton Jones, of 39,000 tons capacity, has 
turned in reports of speeds in excess of that figure. 

The latest available statistics show that at the end 
of 1954, 55 per cent of the world’s tanker fleet was 
controlled by independent owners. Over 33 per cent 
belong to major oil-producing companies, such as the 
Standard Oil Company (New Jersey), the Socony- 
Mobil Oil Company, and the Texas Company among 
American organizations, and the Anglo-Saxon Pe- 
troleum Company (Royal Dutch Shell Group) and 
the British Petroleum Company, among foreign cor- 
porations. Since world production and use of pe- 
troleum continues to rise, it is likely that tanker fleets 
will have to grow if they are to serve the oil industry 
adequately, a situation which has been underscored 
by the Suez Canal crisis. Tankers now account for 
more than a quarter of the world’s merchant ton- 
nage, as compared with 17 per cent in 1939, and the 
proportion of tankers to all other types of shipping is 
being heightened each year. 

As company fleets have grown larger, the problems 
of management of the individual vessels in those 
fleets have multiplied. Voyages are of shorter dura- 
tion now, because of higher speeds; cargoes grow 
steadily larger as a result of the development of 
super-tankers with deadweight capacities up to 50,000 
tons; operating expenses for the big ships may ap- 
proximate $5,000 a day; and the pressure to empty 
the ships at destination and get them back quickly to 
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loading ports has heightened. Maintenance of the 
physical plant, planning for the proper and expedi- 
tious handling of vessels in port, procurement of com- 
petent officers and crew, and continuing the time- 
honored personal relationship between owner and 
shipmaster, have become matters demanding for their 
successful handling the utmost skill and wisdom on 
the part of tanker owners and operators. 

Tanker ownership today is one of the most com- 
plex activities in international shipping. This com- 
plexity comes partly from the fact that the unceasing 
growth of the petroleum industry, with its changing 
patterns of operations, has necessitated a parallel in- 
crease of speed, flexibility, and efficiency in trans- 
oceanic transportation. Not only must tanker owners 
handle the daily problems arising from ships that 
trade actively over the world’s sea lanes, but simul- 
taneously they must work to anticipate the long- 
range developments which will be forced upon them 
by progress of the oil industry. When oil producers 
present new requirements for transportation, tanker 
operators must respond with solutions. This inter- 
mingling of present and future has its consequences, 
for it exerts a decisive and continuing influence upon 
all decisions that are made at the higher levels of 
management. 

Viewed from these levels, the transportation of oil 
in bulk is basically only another form of shipping 
activity. Since the actual carriage of oil always has 
been a highly specialized operation, it might appear 
to the casual observer that tanker management is 
similarly specialized and is concerned only with prob- 
lems peculiar to itself. Not so. Tankers must be built, 
maintained, and repaired; they must be manned, and 
working conditions must be determined; schedules 
and operational details must be set, under the same 
conditions as, and in competition with, other forms 
of shipping enterprise. Tankers are affected by the 
same bottlenecks and the same shortages as are dry- 
cargo and passenger ships. As the size of individual 
ships increases and the number of units in company 
fleets grows, there is a corresponding multiplication 
of daily operating problems. (The British Petroleum 
Company owned 148 ships and had 142 ships under 
charter in 1955.) Consequently, competition between 
oil-carriers and other shipping arises which demands 
progressively greater attention from tanker manage- 
ment. 

The significance of this statement will be seen in 
the following illustrations. The larger ships of today’s 
tanker fleets are equipped with more highly-powered 
and complex engines and require more skillful ma- 
rine engineers. The major passenger vessels like-wise 
benefit from the advances in naval architectural and 
engineering knowledge and likewise seek the most 
desirable mariners. More elaborately equipped repair 
yards are needed for overhaul and service by both 
tankers and passenger ships, and some competition 
for the use of these yards inevitably arises. The giant 
tankers of today are exceeded in size only by super- 
liners, and like the latter can be drydocked in only 
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a relatively small number of shipyards. It will readily 
be seen that the failure by tanker management to 
keep these factors under consideration could easily 
lead to difficulties. 


Aside from possible competition for the use of 
existing facilities in working out their daily problems, 
there are many other problems which tanker man- 
agers face in common with all shipping managers. 
However, the nature of oil cargoes, the special type 
of terminals required for loading and discharging 
them, and the direction of the flow of traffic are pe- 
culiar to the tanker business. 


Fundamentally then, the problems underlying ship 
operation are common to all forms of sea transport. 
Loss of time in port and the need to make ballast— 
or nonrevenue-producing—voyages are equally the 
enemies of the dry-cargo tramp, the passenger liner, 
the specialized carrier, and the tanker operator, and 
for exactly the same reasons. 


ORGANIZATION OF THE TANKER INDUSTRY 


To appreciate the particular problems of the tanker 
industry, it is essential that its relationship to the oil 
industry be understood. The demand for overwater 
transportation of petroleum—crude, refined, or resi- 
dual—derives from the production, refining, and 
marketing branches of the oil companies, any one of 
which may have valid reasons for requiring the serv- 
ices of tankers. Sales are consummated by the 
marketing division, frequently on condition that the 
ultimate consumer receive the desired type and 
quantity of product at a time and place satisfactory 
to him. Thus it often develops that the transportation 
division may be asked to move crude oil from a pro- 
duction center in the Persian Gulf to a refinery in 
New England; or it may be necessary to deliver avia- 
tion gasoline to a tank-farm half-way around the 
world. These often conflicting demands for tankers 
create many intricate problems for the marine de- 
partment. 

All the foregoing forms of sea-movement of pe- 
troleum are harmonized by the transportation divi- 
sion. Some oil companies accomplish this coordina- 
tion through wholly-owned subsidiaries. Such a 
subsidiary is the Esso Shipping Company, a member 
of the Standard Oil Company (New Jersey) “fam- 
ily.” Other oil companies set up marine departments 
within the parent concern, as in the case of The Texas 
Company. In England, the British Tanker Company 
serves the needs of the British Petroleum Company. 
The Marine department of the Anglo-Saxon Petro- 
leum Company supervises the transportation of oil 
for the Royal Dutch Shell Group. Regardless of how 
coordination is arranged, the ships are assigned to the 
division requiring their services and a price is 
charged for their use, based on current prices on 
the open market. 

It here becomes appropriate to inquire where these 
great organizations obtain the ships they require. 
Slightly less than half the world’s tanker tonnage is 
owned and operated by oil companies. The balance 
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(excluding those tankers which are owned and op- 
erated by governments for their own purposes) be- 
long to what are usually called “independent” 
tanker owners. These independents own and manage 
ships available for world-wide trading and are quite 
accurately described as “tramp tanker” owners. Until 
relatively recently, these owners operated tankers 
exclusively, but now many dry-cargo tramp and liner 
companies have added tankers to their established 
fleets. This development has been sponsored in Eng- 
land by the major oil companies, which have en- 
couraged shipowners to expand their activities to in- 
clude the transportation of petroleum in bulk. The 
gigantic Peninsular & Oriental Steam Navigation 
Company announced in 1955 that it was building a 
score of tankers. In Norway, the cargo-liner fleets 
of Wilhelmsen and Leif Hgegh have been augmented 
by a substantial number of bulk oil carriers. Despite 
the growth of oil-company owned fleets, the inde- 
pendent owners appear to be able to maintain their 
present proportion of tankers in the world fleet. 

Tankers belonging to the independent fleets are 
made available to the oil companies through the fa- 
miliar forms of time charter, consecutive voyage 
charter and single-voyage charter. Time-chartered 
vessels are at the complete disposition of the oil 
company and may be integrated into long-range 
planning in the same manner as elements in the 
fleet owned by the company. It is not practicable for 
oil companies to meet all needs with time-chartered 
vessels. A considerable number of ships always is 
needed to fill marginal requirements on a voyage- 
charter basis. The value of this marginal tonnage 
is well appreciated in the oil industry. The inde- 
pendent tanker owners specialize in providing such 
marginal shipping, and their skill in timing and 
placing their vessels to fill oil-company needs is re- 
warded quite often by substantial charter rates. 

Prior to 1939, the generally accepted practice of a 
typical oil company was to own about 65 per cent of 
the tonnage required to transport its petroleum. Of 
the balance, 25 per cent was obtained on the open 
market through long-term time charters. The remain- 
ing 10 per cent was covered by voyage (so-called 
“spot”) charters. Since the end of World War II, how- 
ever, the expansion of the oil industry has been on 
so great a scale that modifications of this policy have 
been forced upon the oil-producing companies. Fleets 
owned by producers now cover only about 55 per 
cent of company transportation needs, and depend- 
ence on “spot” coverage is being reduced to about 
5 per cent. 

The consequences entailed by these shifts of policy 
are noteworthy. The growth in the number of ships 
in company-owned fleets needed to maintain the same 
proportion of transportation requirements, when 
measured against the vast upsurge in production, has 
made it difficult—perhaps impossible—to continue 
personal contact between management and the in- 
dividual ships. For instance, if a pre-war fleet num- 
bered twenty ships, each of them enjoyed a certain 


personality and was considered as a particular entity. 
Today, to do relatively the same job of hauling pe- 
troleum, the fleet might have to consist of forty ships. 
But, to preserve the same standard of close manager- 
ial contact that existed in pre-war days, it might be 
necessary to establish an elaborate and expensively 
top-heavy organization of supervisors, expediters, 
and “vessel operators.” In other words, management 
would have to set up a number of sub-fleets, each 
under a supervisory team. This would be a cumber- 
some and costly expedient. 

The only practical alternative is to turn to time- 
chartered vessels. Their use provides what is at pres- 
ent regarded as the most satisfactory means of 
preserving contact between management and ships. 
The owner of the chartered vessel may possess only 
four or five ships, in which event he remains the op- 
erating chief of his fleet. Problems are less difficult for 
him to solve, in many cases, because they present 
themselves on a small scale. The charterer, for his 
part, has obtained a vessel which can be integrated 
into the company fleet insofar as employment is con- 
cerned. An important consideration also is that the 
cost of management is reduced, since the vessel al- 
ways is chartered at the market—or the competitive 
—rate. 

“Spot” coverage remains a vital but necessarily 
marginal type of activity. The availability of a ship 
for one or more voyages between ports at a time 
when there is a momentary surplus of cargo, or a 
shortage of company-controlled ships, is highly de- 
sirable to every oil company, since deliveries to re- 
fineries and distribution points must be maintained 
on schedule. Even though the price of the ship may 
be comparatively high when measured against a time- 
chartered vessel, the convenience of being able to 
use a ship at just the time it is needed, and only for 
that period, often offsets any monetary loss. The re- 
quirement for such temporary tonnage is estimated 
to amount to about five per cent. This means that a 
large number of ships regularly must be procured 
from the independent tanker owner, and his success 
is assured so long as the demands for transportation 
of oil products remain at their present or anticipated 
levels. 

Another interesting development in chartering 
tankers has arisen in these post-war years. A num- 
ber of the larger oil companies have made arrange- 
ments with independent tanker shipowners to time- 
charter ships for ten, fifteen, or twenty years, with 
the charter becoming effective on delivery of the 
vessels by the builders. Using the charter as col- 
lateral, the shipowner has been able to obtain the 
necessary financial support to permit him to construct 
the ships. The owner assumes full operational re- 
sponsibility for the ships, and the charterer is guar- 
anteed a vessel which will meet his needs and be 
available to him just as though it were owned by the 
oil company. The independent tanker owner is placed 
in the de facto position of being a partner in the oil 
company but is not required to expand his fleet to 
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proportions which may be unwieldy. To the oil com- 
pany, the advantage of such an arrangement is ob- 
vious, since it is responsible only for loading and 
unloading the vessel and providing appropriate sail- 
ing orders. 


FUNCTIONS OF TANKER MANAGEMENT 


The primary reason an oil-company owns tankers is 
to provide efficient ocean transportation at competi- 
tive rates on schedules which are most satisfactory 
to the needs of the company. Proper organization, 
coupled with appropriate delegation of responsibility, 
is essential to attain these objectives. It therefore is 
appropriate to review here the various aspects of 
tanker management, in the technical sense of that 
term, as distinguished from operational activity. 

First, there are many technical factors that must 
be considered in the design and construction of new 
tankers. Although the war-built T-2 type tanker re- 
tains its predominant place in contemporary tanker 
fleets (there are still about 250 such ships under 
American registry), the capabilities of this class of 
ship are limited. Gradually the T-2 is being super- 
seded by larger, faster, and more flexible vessels. 
These new ships are either in the “medium” category 
of 18,000 to 20,000 tons deadweight, with a minimum 
speed of 18 knots, or in the supertanker class, which 
includes ships of between 26,000 and 50,000 tons dead- 
weight, and speeds in excess of sixteen knots. Many 
of these modern ships are built to transport a large 
variety of oil cargoes—some are able to load as many 
as twenty different grades of lubricating oils and spe- 
cialty products on a single voyage. New petroleum 
products continually present problems which chal- 
lenge management’s ingenuity. 

The technical problems of loading and discharging 
oil cargoes are also of compelling importance. Tank- 
ers generally are engaged in one of two distinct types 
of service, distinguished as “clean” or “dirty” (some- 
times also called “dark oil trade’’). Ships in the latter 
trade carry only crude oils or such heavy fuels as 
“bunker C.” This is the less complicated service, since 
handling such cargoes requires fewer shipboard 
activities than necessitated for refined products. 
Many of the heavier grades require that the oil be 
heated (to reduce its viscosity) before discharge is 
practicable. At least one grade of Venezuela crude 
oil must be thinned down with a light oil before it 
can be drained completely from the carrier’s tanks. 

The “clean” trade, on the other hand, requires 
elaborate preliminary preparations aboard ship, as, 
for instance, in the case of lubricating oil. Cargo tanks 
must be perfectly clean and wiped dry by hand to 
eliminate the slightest moisture, for even the smallest 
amount of water can render lubrication oil unsatis- 
factory on test. Tanks always are loaded flush with 
the deck to prevent condensation within the tank 
during the sea passage. Discharging must be carried 
out with proper appreciation of the characteristics of 
each type of cargo; lighter oils are pumped out first, 
so that there will be no contamination of color. 
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Safety is another managerial responsibility that is 
of paramount importance. On the oceans in the ap- 
proaches to ports, at berth in port, handling cargo, 
and throughout the normal routine of maintenance 
work aboard ship, management must see that every 
precaution is taken to prevent accident. Closely re- 
lated to safety are the functions involved in the navi- 
gation of the vessel: the selection of routings, the 
use of pilots, and the choice of adequate berths. Of 
major significance today is the provision and super- 
vision by competent personnel of the elaborate equip- 
ment required on board tankers for safe navigation 
and rapid communication with shore installations. 

Victualling, storing, scheduling, and bunkering 
a fleet of tankers in world-wide service are other im- 
portant aspects of management. It is interesting to 
recall that few tankers are employed in regular serv- 
ice between designated ports, and hence many do not 
return to their home ports more than once in a year. 
To provide adequate supplies of victuals and stores 
of good quality and to procure such at reasonable 
prices for several hundred ships in practically all 
major oil-handling harbors of the world is an opera- 
tion of impressive size. The application of sound 
principles of bunkering to a worldwide fleet of tank- 
ers, so that there will be a minimum of transportation 
of fuel and the smallest possible resultant sacrifice of 
cargo tonnage, is itself a considerable problem. It is 
complicated by the facts of tramp-tanker operation— 
voyages of indefinite duration, deviations, reroutings 
on short notice, and the normal requirements of serv- 
icing. 

Personnel administration in tanker operation is an 
aspect of management which is becoming of increas- 
ing concern. To recruit, train, assign, and supervise 
officers and unlicensed crews, and to arrange for 
their proper care in the matter of pay and allotments, 
mail service, vacations, and discipline, is a formid- 
able undertaking, particularly when, as often hap- 
pens, the ships of a tanker fleet are scattered through- 
out the world. The current trend toward granting 
tanker seamen more vacation (or relief) time has 
necessitated enlarging the personnel pool of a fleet 
and installing complex record systems to insure that 
every man receives equitable treatment in accord- 
ance with an orderly system of rotation. Some own- 
ers have placed their ships under Liberian registry 
but staffed them with Italian or German seamen. 
By the terms of such employment, the Italian crew 
is entitled to a month or more vacation in Italy each 
year; the Germans receive the same form of vacation 
in their homeland. Similar situations arise with re- 
gard to other nationalities, not excluding the Ameri- 
can. It is neither feasible to tie up the ship for the 
time its crew is vacationing nor to substitute a whole 
new crew. Hence some program of rotation must be 
developed and followed as consistently as possible to 
insure efficient operation of the ships and content- 
ment among the seamen. The increasing mechanical 
efficiency of the ships, which can now be turned 
around in a port in a matter of hours, has created a 
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special set of problems and, in order to meet them, 
management has had to develop qualities of imagina- 
tion and vision in the handling of seagoing personnel. 

The pattern of employment followed by the major 
American oil companies is becoming more and more 
generally accepted throughout the American tanker 
industry. Under this plan, tanker seamen work ap- 
proximately three months continuously, and then are 
granted one month vacation at full pay. In exchange 
for this liberal arrangement, the crews perform all 
loading and discharging operations in port, and relief 
personnel are not provided to take over these duties 
while the ship is working cargo. Since this involves 
a somewhat confining routine of employment, man- 
agement adheres rigidly to its side of the contractual 
obligation by providing replacements for crew mem- 
bers at stated times and places. Never is the entire 
complement of the ship changed, and never is the en- 
tire permanent crew of the ship aboard. It is not dif- 
ficult to envision the burden of administration which 
such a personnel program imposes upon management. 

Differing quite markedly from dry-cargo ship op- 
erating procedures is the dependence which tanker 
owners place on vessel accounts and statistical re- 
ports. Not only is it desirable to have the records of 
expenditures of each ship—wages, port dues, pilotage 
fees, tug hire, and the like—made available at the 
earliest practicable moment, but likewise the tanker 
owner must be furnished promptly with information 
on the length of time required to handle a given cargo, 
the reasons for any delays encountered, and the 
analyses of ship working time. The best management 
practices attempt to handle these papers rapidly in 
order to discover possible trends toward greater effi- 
ciency or to detect the premonitory signals of tenden- 
cies in the opposite direction. Supervision and finan- 
cial control increase somewhat disproportionately 
with the enlargement of a fleet and the geographical 
extent of its coverage. Business statesmanship of a 
high order is required if the maximum economic 
benefits of owning a fleet of tankers are to inure to 
the oil company. 

One of the explanations for the problems described 
above is found in a number of ships operated under 
a single management. Since tankers rarely operate 
with any regularity from a home port, the oppor- 
tunity often becomes difficult, or almost impossible, 
for a shore-based and permanently located office 
management to maintain the highly desirable per- 
sonal contact between owner and seamen. But if the 
size of the fleet were reduced or the responsibility of 
management made less extensive, many owners feel 
that they would be able to prevent the development 
of an impersonal attitude in the home office toward 
the ships, and vice versa. One step toward accom- 
plishing this goal has been the formation of subsid- 
iary companies which own a comparatively small 
number of ships and operate them in a somewhat 
restricted geographic area, 

For example, the Standard Oil Company (New 
Jersey) owns, through the Esso Shipping Company, 


a fleet of American-flag tankers which transport pe- 
troleum in the coastwise service and between nearby 
Caribbean countries and the United States refineries. 
In addition, there are subsidiaries in England, Bel- 
gium, France, Denmark, and other countries which 
own and operate tankers under their respective na- 
tional registeries, in various foreign trades. Although 
all of these ships fly the “Esso” house-flag, the re- 
sponsibility of management is retained ‘by the in- 
dividual owning company. Major policy is set by the 
Standard Oil Company, but the operation of the 
ships is left to the managerial staffs of the subsidi- 
aries. In addition, Esso Shipping Company uses a fleet 
of considerable dimensions composed of time-char- 
tered vessels for which Esso has no operational re- 
sponsibility beyond cargo loading and unloading, 
planning how to fuel the ship for a voyage, and draw- 
ing up sailing orders. 

No matter how contracted or how extensive the 
range of managerial responsibility, a matter of great 
concern to all tanker owners is the reduction of idle 
time for the ships. Unavoidable delays resulting from 
weather are accepted for what they are; the worry 
is over deficiencies in pumping capabilities by shore 
installations, crude oils which must be heated to 
insure rapidity of flow in the pipes connecting ship 
and storage tanks, congestion of available berths, and 
similar problems. One major company has set stand- 
ards which must be met by its ships, depending upon 
the type of petroleum carried. These standards are 
known to all concerned, and failure to meet them re- 
sults in censure of both ship and shore supervisors. 
New methods of working ships while in port con- 
stantly are under study and are of the utmost im- 
portance when the cost of the ship per hour is mul- 
tiplied by the number of vessels in ports all over 
the world. 

TANKER OPERATION 


The business of operating tankers reflects the na- 
ture of the demand for petroleum. Necessarily the 
ships must be adapted to carry most efficiently their 
liquid cargoes, and consequently few of them are able 
to participate in anything but a one-way trade. The 
volatile products such as gasoline and kerosene re- 
quire that vessels be free of all contaminants, and 
hence vessels so employed in the “clean” trades are 
not switched casually to the transportation of the 
heavier and blacker oils. It takes a great deal of effort, 
money, and time to convert a “dirty” or “dark oil” 
tanker to “clean” condition, and hence there is litt'e 
or no opportunity to transport crude in one direction 
and gasoline in the other. 

In a similar manner, the gradual change in recent 
years in the production pattern of the petroleum in- 
dustry has affected the employment of tankers. 
Whereas in the early decades of this century it was 
customary to locate refineries at or near the oil fields, 
today refineries, by preference, are being placed close 
to the consuming areas. Tankers of the largest size 
are used increasingly to haul crude petroleum from 
oil fields to metropolitan centers, whence distribution 
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of the product is left to small ships. Specialized prob- 
lems thus have arisen which were unknown a quar- 
ter-century ago. 


Tanker operators are vitally concerned with the 
problem of reducing the time their ships must spend 
in port. They can avoid mechanical breakdowns 
through the institution of systematic preventive 
maintenance programs. They must allow a tanker a 
certain minimum number of hours in which to load 
and discharge. Improvement has been obtained in this 
direction through increasing the capacities of ship’s 
pumps. For example, the average pumping capacity 
of the 1938 “standard” 12,000-ton tanker was about 
200 tons per hour. The T-2 tanker of World War II 
days was designed with larger pumps, and was able 
to handle approximately 700 tons per hour. Present- 
day medium-sized tankers are built to pump about 
1,500 tons an hour. The supertankers, especially those 
built since 1953, are capable of handling about 2,500 
to 3,000 tons of oil per hour, depending upon the 
grade of cargo carried and the available shore facili- 
ties. 


The greatest single cause of loss of time in port is 
the delay incurred in placing the tanker alongside its 
berth. As the number of ships increases, the possi- 
bilities of such delay multiply. “Bunching” and “slip” 
thus become major worries of the tanker operator. 
“Bunching” is the condition which arises when ves- 
sel schedules overlap, and ships which are pro- 
grammed to arrive in an orderly sequence, and thus 
to use the existing facilities in turn, converge upon 
the port at the same time. The resulting congestion 
inevitably causes delays and confusion in port opera- 
tion. 


“Slip” is the accumulation of minor and unexpected 
troubles which afflict ships in loading, sailing over 
thousands of miles of ocean, and discharging cargo. 
“Slip” occasions bunching, late arrivals, delays in 
cargo working, and many other failures to maintain 
the established schedule, whether within or beyond 
the control of the owner. Despite a high degree of 
vessel maintenance, efficient personnel, careful man- 
agement, and watching, cajoling, checking, praising, 
criticizing, and the best of intentions, vessels do not 
always keep the schedule, and thus present the op- 
erator with a substantial amount of “slip.” The situa- 
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tion varies from port to port, company to company, 
cargo to cargo, season to season, and only constant 
attention by operating management will keep “slip” 
from becoming a very grave matter. 

The magnitude of the operational problems en- 
countered by tanker owners may be grasped when 
it is recalled that in 1952, the world’s fleet of 2,500 
crude-oil carriers travelled 1,028,177 million ton- 
miles and transported 325,106,000 tons of oil. There 
were 290 important trade routes fanning out from 
eighteen exporting areas to forty-three receiving 
areas. About 45 per cent of the tanker traffic was 
engaged in hauling oil from the Persian Gulf and 
Eastern Mediterranean oil-flelds to all parts of 
Europe, on voyages which were nearly twice as long 
as the average haul for all routes of 3,163 miles. 
Finally, it is important to note that these tankers 
were required to spend almost half—46.3 per cent to 
be exact—of their time in ballast voyages. Stating it 
affirmatively, they were employed in hauling revenue 
cargoes 53.7 per cent of the time. 

According to a study completed in the early part 
of 1956, tankers totalling approximately 15,000,000 
tons deadweight were being built for delivery before 
or during 1960. This great fleet in part will replace 
aging and obsolete tonnage, but it also will augment 
the total number of tankers available to transport the 
petroleum required around the world. It is expected 
that oil production will continue to rise until 1975 by 
about four per cent per year, but by that date the 
length of tanker voyages will be almost double those 
of today. A noticeable improvement in the efficiency 
of the oil carriers is expected. On the basis of these 
anticipations, it is likely that the tanker fleet in 1975 
will aggregate 78 million tons, as compared to the 
1952 fleet of 39.5 million tons deadweight capacity. 

Of the economic importance of tankers and of the 
world’s dependence on these hard-working ships, 
there is no doubt. That the tanker owner will con- 
tinue to meet difficult problems as he maneuvers his 
increasingly big, fast, and vital ships over nearly 
three hundred routings between all parts of the 
world, there is complete certainty. There is equal 
certainty that the tanker owner and operator will find 
continuously increasing need for his skill as a spe- 
cialist and all his knowledge of shipping, for his is a 
dynamic and constantly-challenging activity. 
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I—THERMAL EFFICENCY AT HIGH TEMPERATURES 


INTRODUCTION 


I N THE LAST decade the scale of application of the 
gas turbine to the field of industrial power produc- 
tion has fallen far short of original expectations. This 
can be partly attributed to the fact that the perform- 
ance of existing industrial layouts and designs is not 
competitive. In this article the approximate limits of 
present performance are estimated, following which 
is an analysis of the potentialities and limitations of 
selected cycles at operating temperatures which ne- 
cessitate cooling. It appears from the analysis that 
the inherent simplicity of the gas turbine can be com- 
bined with substantial improvements in performance 
over a specified temperature range. 

Among the assets possessed by the gas turbine may 
be included simplicity, flexibility of design, and a 
relatively high power-weight ratio. Yet in spite of 
these advantages, it has become increasingly evident 
in the last few years that the gas turbine will not have 
a significant place in the field of industrial power pro- 
duction unless its performance can be improved to 
such an extent that it is clearly superior in this re- 
spect to the older forms of prime mover. Particularly 
would this involve a fairly large increase in overall 
thermal efficiency, so as to decrease the running 
costs, but it would also be advantageous to raise the 
specific output and thus reduce the size of an instal- 
lation for a given output, thereby helping to lessen 
the first costs. Provided the reliability of the gas tur- 
bine for long-life industrial purposes could also be 
established, the achievement of these objectives, 
without sacrifice of the advantages already enumer- 
ated, would help to ensure its more widespread use 
at sea and in power stations, and probably for loco- 
motion by road and rail. 


Present-day opinion inclines to the view that the 
most promising way of attaining the above objectives 
is through an increase in the highest cycle tempera- 
ture. Brown (1954) has stated that, in practice, with 
present refractory materials, a gas turbine combus- 
tion chamber could withstand a maximum gas tem- 
perature of 3,500° F (1,930° C). But the extreme 
working temperature of the alloys used in long-life 
gas turbines is no more than 1,500° F (820° C) and 
even this is true of materials only available on a lab- 
oratory scale. Furthermore, it is unlikely that metal- 
lurgical advances will lead to any sudden and large 
increase in this order of temperature. The implica- 
tion is, therefore, that no real improvements in per- 
formance can be expected, unless the components of 
the prime mover which are exposed to the highest 
gas temperatures can be effectively cooled to, or 
otherwise maintained at, working temperatures in 
the range 1,200° to 1,400° F (650° to 760° C). 

Cooling problems in the ducting and stationary 
components of the turbine, which are comparatively 
lightly stressed, can usually be fairly readily solved. 
One method is to provide such components with re- 
fractory lining, or to build them wholly of ceramic. 
This has been done in the case of the Pametrada ex- 
perimental high-temperature gas turbine. There are 
a number of possible ways in which the metal of the 
heavily-loaded rotor blades and drum might be main- 
tained at a satisfactory temperature level. These in- 
clude the application, where necessary, of ceramic 
coatings, while there are two well known methods of 
utilizing the cooling properties of part of the air leav- 
ing the compressor. For the highest turbine inlet tem- 
peratures, where it is contended that air cooling 
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would be inadequate, there are several promising 
alternatives in which liquids are involved. But which- 
ever method or combination of methods is adopted, 
the heat transferred by convection and radiation from 
the hot gas represents a loss of highly available ther- 
mal energy. This cooling loss has an adverse effect on 
the performance of the gas turbine, though the effect 
may be mitigated by transferring the energy to some 
auxiliary cycle capable of developing further power. 


SCOPE OF ANALYSIS 

The purpose of this article is first to assess the 
full-load performance of a fairly complex but un- 
cooled type of gas-turbine cycle, which might rea- 
sonably be said to represent the approximate limit of 
practical possibility, having regard to manufacturing 
costs. Since the cycle is uncooled, the maximum 
cycle temperature is restricted to 1,430° F (777° C), 
with a suitable pressure ratio. If the performance of 
this cycle may be regarded as the best attainable in 
practice without cooling, it can be used as a standard 
of reference against which other cycles employing 
cooling may be compared. Thus the consequent im- 
provement (if any) in performance can be assessed. 
The author believes that the conception of a high- 
temperature gas turbine is justified on several scores, 
not least of which is the opportunity it provides to 
reverse as far as possible the trend towards com- 
plexity of layout. One of the most important assets 
of the gas turbine would thus be retained. For this 
reason the full-load performance is examined of only 
the simplest cooled cycles. Allowance is made for 
cooling loss, but in order to obtain a fair comparison, 
operating conditions are otherwise identical with 
those of the uncooled but more complex cycles. 


DESIGN ASSUMPTIONS 


Overall pressure ratio, 15 to 1; compressor isentro- 
pic efficiency, 85 per cent, turbine isentropic effi- 
ciency, 85 per cent; heat-exchanger thermal ratio, 70 
per cent; specific heat of air during compression, 0.24; 
isentropic index of air during compression, 1.40. The 
physical properties of air at elevated temperatures 
have been obtained from the Gas Tables of Keenan 
and Kaye. 


PERFORMANCE OF UNCOOLED CYCLE 

The uncooled double-compound cycle selected for 
examination is shown in Fig. 1, while Fig. 2 is the 
corresponding temperature-entropy diagram. The 
high-pressure turbine drives the high-pressure com- 
pressor, and the low-pressure turbine drives the low- 
pressure compressor. The uncoupled power turbine 
is in the gas circuit between the two compressor tur- 
bines and the performance of the basic cycle is im- 
proved as far as possible by the inclusion of an inter- 
cooler and heat exchanger, with reheat to the 
maximum cycle temperature of 1,430° F (777° C) 
before the power turbine and the low-pressure tur- 
bine. It is assumed that the total work of compression 
is shared equally between the compressors. The per- 
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Figure 1. Circuit diagram of double-compound uncooled 
gas turbine. 


C,, low-pressure compressor. T,, high-pressure turbine. 
i intercooler. CC,,, first reheat chamber. 
C,, high-pressure compressor. T,, power turbine. 
H sheat exchanger. CC,,, second reheat chamber. 
CC, primary combustion T, low-pressure turbine. 
chamber. 
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Figure 2. Temperature-entropy diagram for uncooled gas- 
turbine cycle. 


formance of this cycle over the whole load range but 
for slightly different conditions has been examined 
in detail by the author (1948) and discussed by Mal- 
linson and Lewis (1948). It has been found to have 
satisfactory characteristics for marine installations, 
and where a heat exchanger is included the full-load 
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thermal efficiency is maintained down to half-load. 
In a further discussion of the cycle, Brown points 
out that the low-pressure compressor-turbine com- 
bination can be regarded as a supercharger which 
can be put out of action during part-load running. 
The cycle is chosen as being among the most com- 
plex layouts which have yet been seriously considered 
for practical use. 

The author’s previous examination of the full-load 
performance of the cycle, based on the same maxi- 
mum temperature but assuming rather better com- 
ponent efficiencies and an overall pressure ratio of 
12 to 1, gave a thermal efficiency of 34.2 per cent and 
a specific output of 159 b.h.p. per Ib. of air per second. 
This included allowances for pressure losses in the 
system, incomplete intercooling and mechanical 
transmission losses. Making similar allowances in the 
present case, the full-load performance is estimated 
as 33.6 per cent thermal efficiency (specific consump- 
tion 0.4 lb. per b.h.p. per hour) and about the same 
specific output as before. These data will, therefore, 
be used as a standard of comparison in what is to fol- 
low. 

PERFORMANCE OF COOLED CYCLES 


Figs. 3 and 4 show, respectively, the circuit diagram 
and the temperature-entropy diagram for one of the 
two cooled cycles to be examined. The other cycle 
differs from the one shown in Fig. 3 in one respect 
only; it does not include a heat exchanger. Its part- 
load performance has been assessed by Mallinson and 
Lewis and, for a maximum temperature of 1,430° F 
(777° C), appears satisfactory. Apart from the sim- 
plification brought about by using only one compres- 
sor-turbine combination, the cycle uses neither reheat 
nor intercooling. It is contended that since these mod- 
ifications increase the specific output rather than, 
and sometimes at the expense of, the thermal effi- 
ciency, it is desirable that they be excluded from the 
cooled high-temperature cycle, by which it is in- 
tended to improve the performance as a whole. The 
overall pressure ratio is retained at 15 to 1 not only 
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Figure 3. Diagram of cooled gas-turbine circuit. 


CC combustion chamber. 
T, compressor turbine. 
T, power turbine. 


C, low-pressure compressor. 
C,, high-pressure compressor. 
H_ heat exchanger. 
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Figure 4. Temperature-entropy diagram for cooled gas- 
turbine cycle. 


for comparative purposes, but also because an ap- 
preciable increase, while perhaps slightly improving 
the performance, would in practice tend to reduce 
the margin of advantage which the gas turbine has 
in respect to requisite strength of pipes and joints 
over the high-temperature high-pressure steam 
plant. A large increase in pressure ratio would also 
involve a rather more complex compression process. 
The effect of reducing the compression ratio is, 
however, to bring about an increase in cooling-loss 
factor, which is defined by Brown (1950) as the ratio 
of heat loss to work done in a given turbine stage. 
The cooling loss factor is also an increasing function 
of maximum cycle temperature, and, in view of the 
limiting gas temperature which it has been suggested 
a combustion chamber could withstand, the present 
analysis covers the range between 1,400° F to 3,500° 
F (760° and 1,930° C); it is assumed that over this 
range the cooling loss factor increases in the manner 
portrayed by Brown from 6 to 30 per cent. This repre- 
sents a slightly more conservative view of the heat 
loss than might be suggested from a double extra- 
polation of Brown’s estimates, especially at the higher 
temperatures. This assessment arises from the au- 
thor’s lower evaluation of the probable convective 
loss to the blades (1955), which is based on Ainley’s 
investigation (1953) of an air-cooled turbine. But, of 
course, any estimate of cooling loss temperature 
variation depends very much on turbine design and 
must at the present time be regarded as tentative. 
Fig. 5 shows the variation of estimated thermal 
efficiency of the two cycles assuming that the thermal 
energy extracted by cooling is wasted; Fig. 6 shows 
the overall effect of using this energy in an auxiliary 


A.S.N.E. Journal, August 1957 539 


5 9 
4 
1 
1 23 
| a 
| 9 


GAS TURBINE PERFORMANCE 


—-— Without Heat Exchanger 


— Including Heat Exchanger 


Thermal Efficiency, per Cent. 


| 
Compression Ratio 15:1 


0 
1,400 1,800 2,200 2,600 3,000 3,400 3,800 
Maximum Cycle Temperature, Deg. F. 


Figure 5. Relationship between cycle thermal efficiency 
and maximum temperature when thermal energy is extracted 
by cooling and goes to waste. 
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1,400 1,800 2,200 2,600 3.000 3,400 3,800 
Maximum Cycle Temperature, Deg. F. 
Figure 6. Improved overall efficiency due to utilization of 


extracted thermal energy in auxiliary cycle, with an assumed 
efficiency of 30 per cent. 


cycle which is assumed to have an efficiency of 30 
per cent. Fig. 7 illustrates the effect of maximum tem- 
perature on specific output for both cooled cycles, 
the small change in output due to inclusion of a heat 
exchanger being neglected. Allowance is, however, 
made for pressure losses in the other components and 
ducting, and for transmission loss. 

It emerges from Figs. 5 and 6 that, given realistic 
data, a heat exchanger is essential if there is to be any 
substantial improvement in thermal efficiency; in 
fact the cycle without a heat exchanger in which the 
heat extracted by cooling is thrown away, actually 
has a lower thermal efficiency than that of Fig. 1 
over the whole temperature range considered. Fur- 
thermore, it is only just possible to achieve 40 per 
cent thermal efficiency with a heat exchanger where 
the energy from cooling is wasted. But, given an 
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Figure 7. Variation of specific output with maximum cycle 
temperature for both cooled cycles. 


auxiliary power cycle, there is no doubt of the im- 
provement in overall efficiency, which exceeds 45 
per cent (specific consumption 0.30 lb. per b.h.p. 
hour) at the highest temperatures. The efficiency of 
the same cycle (shown in Fig. 3), assuming no cool- 
ing, ranges from 36.3 per cent at 2,000° F (1,093° C) 
to 50.7 per cent at 3,500° F (1,927° C). 

The shape of the four curves suggests, however, 
that there is no commensurate gain by exceeding 
3,000° F (1,650° C) even if this should be possible; 
moreover, there is some danger that unless large 
compression ratios are used the turbine exhaust tem- 
perature would be so high that further cooling would 
be needed before the hot gases could be passed 
through a heat exchanger without ultimate damage 
to the latter. This is shown in Fig. 8, where turbine 
exhaust temperature is plotted against maximum 
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Figure 8. Variation of turbine exhaust temperature witb 
maximum cycle temperature. 
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cycle temperature. Such further cooling, even if 
utilized in the auxiliary cycle, would reduce the ther- 
mal efficiencies shown in Fig. 5 and 6, and would 
probably lead to a definite maximum in the region 
of 3,000° F (1,650° C), thus strengthening the argu- 
ment against exceeding this temperature. 

The relationship between specific output and max- 
imum cycle temperature is seen to be roughly linear 
(Fig. 7). The specific output is the same as for the 
uncooled cycle (159 b.h.p. per lb. of air per second) 
at a temperature between 2,000° F (1,093° C) and 
2,100° F (1,149° C), while at 3,000° F (1,650° C) 
there is a gain of over 100 per cent if an auxiliary 
cycle is used. This significant improvement means 
that much could be done to reduce the size of the 
components used in developing a given power. 


CONCLUDING REMARKS 
If the underlying theme of the present article is 
correct, that development of the high-temperature 


gas turbine should be coupled with the use of the 
simplest possible operating cycles, the conclusion then 
seems inescapable that no perceptible improvement 
in present-day performance can be expected for 
maximum temperatures below 2,000° F (1,093° C). 
Furthermore, for the gains to be really worth while, 
the aim should be to operate successfully at tempera- 
tures in the range 2,500° F (1,370° C) to 3,000° F 
(1,650° C), preferably with a bias towards the latter 
figure. If cooling losses at the highest temperatures 
have been underestimated, which may well be the 
case, the true relationship between thermal efficiency 
and maximum temperature should tend towards a 
peak value, probably at around 3,000° F (1,650° C). 
All the indications are, therefore, that there is noth- 
ing to be gained and perhaps something to be lost, 
by exceeding this temperature, for even if cooling 
losses have been overestimated (rather than the re- 
verse), the improvement in thermal efficiency with 
temperature in this region is likely to be minute. 


II—THE EFFECT OF INTERCOOLING ON EFFICIENCY 


INTRODUCTION 


This article seeks to establish, in quantitative 
terms, the conditions under which the thermal effi- 
ciency of the simple gas turbine is improved, reduced, 
or remains unchanged by the addition of intercooling 
to the cycle. The investigation (which takes account 
of component efficiencies and variation of specific 
heats with temperature) shows, among other things, 
that above a certain maximum temperature the plain 
cycle has a better efficiency than the equivalent inter- 
cooled cycle, but that at the highest maximum tem- 
peratures the performance of the two arrangements 
does not differ appreciably. 

The fundamentals of gas turbine technology are 
now so widely known, due to the works of such au- 
thors as Thomson (1948), Cohen and Rogers (1951), 
Hodge (1955), Roxbee Cox (1955) and others, that 
the main reasons for the changes in performance due 
to the addition of heat exchange, reheat, and inter- 
cooling to the simple cycle are generally appreciated. 
Heat exchange improves the thermal efficiency of the 
cycle but not the power output per pound of air, while 
reheat raises the output but simultaneously reduces 
the efficiency. Heat exchange and reheat together in- 
crease both output and efficiency, and this is true also 
of heat exchange with intercooling, or a combination 
of all three of these modifications. An interesting case 
which does not appear to have received any special 
attention is that of intercooling by itself. While the 
net output is raised due to the reduction in total com- 
pression work, intercooling has the additional effect 
of lowering the final compression temperature, and 
thus of increasing the heat to be added in the com- 
bustion chamber. It therefore depends on the relative 
magnitude of the two increases whether the thermal 
efficiency is raised or lowered, or remains unchanged. 

It is the object of this article to ascertain the con- 


ditions which govern these changes, and to determine 
their order of magnitude for operating conditions 
likely to be encountered in practice. Some idealiza- 
tion is necessary to reduce the problem to reasonable 
proportions, and so it is assumed that when intercool- 
ing is considered, the isentropic efficiency and work 
input of each of the two compressor stages is the 
same. The treatment has not been extended to cover 
the case of multiple intercooling with more than two 
compression stages, as this is considered to be almost 
outside the range of practical possibility unless very 
large pressure ratios are contemplated. It is also as- 
sumed that cooling to the initial air temperature is 
complete, and that there is no pressure loss in the 
intercooler, in the combustion chamber, or in any of 
the ducting between components. The combustion 
and mechanical transmission efficiencies are taken to 
be 100 per cent. Fortunately these approximations 
introduce only minor departures from the values 
likely to be obtained in practice. The effect of change 
of specific heat with temperature is considered at a 
later stage in the text, after the primary governing 
conditions have been deduced. 


Notation 
T absolute temperature. 1, compressor isentropic 
t cycle overall temperature efficiency. 
ratio. ny turbine isentropic effi- 
R cycle pressure ratio. ciency. 
y ratio of specific heats. n cycle thermal efficiency. 
C, specific heat at constant W cycle net work output per 
pressure. lb. of air 
Q heat input per lb.of air 


Suffixes ‘“‘p” and “i” refer to the plain and intercooled cycles re- 
spectively. 


ANALYSIS OF PLAIN CYCLE 
The gas circuit and temperature-entropy diagram 
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for the plain cycle are shown in Fig. 9. The net out- 
put per Ib. of air is given by 


W= C,(T; C,(T, 


while the heat input per lb. is 
Q=C,(T; — T.) 


=C,(T; —T, ¥ 
The cycle thermal efficiency is then represented by 


nr T;(1—R y —1) 


T, — T, 


Temperature 


Entropy 
Figure 9. Circuit diagram and temperature-entropy dia- 
gram for plain gas-turbine cycle. 
C compressor. 


CC combustion chamber. T turbine. 


ANALYSIS OF INTERCOOLED CYCLE 


The arrangement of components for the intercooled 
cycle is shown in Fig. 10 (a), and the corresponding 
temperature-entropy diagram in Fig. 10 (b). Since 
the condition for minimum total compression work 
is assumed in a cycle where the pressure ratio is R, 
the pressure ratio in each compression stage is R*. It 


CC 


should also be noted that T; = T, and T, = T.. The 
net output of work per lb. of air is then 


-T,)- — 7, 


The heat input per lb. is 
Q=C,(T; — 
= C, (T, — T, y —1)]. 
As before, the thermal efficiency is given by 
)— (R 2y —1) 


CONDITIONS GOVERNING CYCLE EFFICIENCY CHANGES 


y—1 
It is convenient to write K = R~ y_ , and to make 
the following substitutions. 


and 
T, 


Then B (K% +1) =2D. 

Reference to equations (2) and (4) shows that the 
plain cycle will then have the greater thermal effi- 
ciency if 

A-D_ A—2D/(K* +1) 


C-D 
This inequality can be reduced to 
(6) 


Temperature 


Entropy 


Figure 10. Circuit diagram and temperature-entropy diagram for intercooled gas-turbine cycle. 


C, low-pressure compressor. 
CC combustion chamber. 

C,, high-pressure compressor. 
T turbine. 

I_ intercooler. 
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Resubstitution for A, C and D leads ultimately to 
the condition that the cycle overall temperature ratio 


T. 
‘= T must satisfy the inequality 
1 
K + K*(1 — n,) 
Ne [ny — K*(1 — nr) ] 


This can be interpreted as meaning that for fixed 
component efficiencies and a given pressure ratio, the 
plain cycle will be the more efficient if the maximum 
cycle temperature exceeds a particular value, deter- 
mined from (7). This, of course, assumes that the 
minimum cycle temperature is constant; it will be 
taken as 288° K in what follows. In Fig. 11 the maxi- 
mum cycle temperature thus determined is seen to 
increase when plotted against pressure ratio for dif- 
ferent values of compressor efficiency and turbine 
efficiency. That these last two parameters do not 
exert equal influence is shown by the curves repre- 
senting the three conditions (a) 4. = nr = 0.85, (b) 
0.9, >= 0.8, (c) = 0.8, 0.9, which, had 
this been the case, might have been expected to be 
coincident. 


t> 


The figure confirms what is already well known, 
namely that intercooling is more likely to have a ben- 
eficial effect on the thermal efficiency of a cycle with 
low component efficiencies than on one where the 
component efficiencies are high. Because the two effi- 


Higher Efficiency from 
Plain Cycle 


~ 


Maximum Temperature, Deg. K. 


1:00 


Intercooled Cycle 


Higher 


2 6 10 1 
Cycle Overall Pressure Ratio 
Figure 11. Conditions for increased thermal efficiency for 


various values of component isentropic efficiency (max. cycle 
temp. and pressure ratio). 


ciencies do not exert the same influence, any benefit 
to the cycle efficiency will be greater with a low tur- 
bine efficiency than with the same value of compres- 
sor efficiency. It is, in fact, obvious from (7) that 
when the turbine efficiency falls to such a value that 


the value of t, and hence of T, (at which the plain 
cycle attains a superior efficiency) becomes infinitely 
large. Thus the intercooled cycle is then always the 
more efficient, irrespective of the compressor effi- 
ciency. 

Equation (8) is plotted in Fig. 12, from which the 
flat nature of the curve makes it clear that this limit- 
ing condition corresponds to a turbine efficiency of 


1 


Percentage Turbine Isentropic Efficiency 


20 40 60 100 
Cycle Overall Pressure Ratio 


Figure 12. Values of turbine efficiency below which the 
intercooled cycle is always the more efficient. 


the order of 60 per cent over a wide range of pres- 
sure ratios from about 9 to 30. (Inspection of (7) 
shows that there is no such limiting condition in the 
case of the compressor efficiency.) While the turbine 
efficiency quoted is much lower than would normally 
be tolerated in a practical case, it is still perfectly 
possible for both plain and intercooled cycles to pro- 
duce positive work. Fig. 11 also confirms that for 
given component efficiencies and a fixed maximum 
cycle temperature an increase in pressure ratio will 
increase the likelihood of the intercooled cycle being 
the more efficient, if it does not actually make it so. 

The above analysis is incomplete, because there 
are additional limitations imposed by the fact that 
the cycles must produce positive work. This condi- 
tion is given by equation (1) for the plain cycle, 
which can be expressed as 
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For the intercooled cycle equation (3) yields 


2 K 
10 
(10) 


It may be readily shown that 
K 
(K* +1) 


and, in addition, for positive values of K and for 
values of »- and nr less than unity, it can be shown 
that the right hand side of (7) 


K + K¥(1— 7.) 2 
ne lor (K* + 1) 
from (11). We therefore conclude that the plain 
cycle has the better efficiency when (7) holds good, 
but that the intercooled cycle is best in the restricted 
range such that 

K + K¥(1— 7.) K 
ne [nr — K*#(1 — ny) ] (K%+1) 

These conditions are illustrated in Fig. 13 for the 
case where the component efficiencies are each 0.85. 
The range of temperatures and the absolute values 
for which the intercooled cycle yields the higher effi- 
ciency with positive output are seen to increase with 
pressure ratio. Also shown in the graph is the effect 
of taking into account the variation of specific heats 
with temperature. The generally accepted method is 
used of substituting a mean value of 0.274 in place of 
0.240 for the specific heat of air at constant pressure 
during heating and expansion, with a corresponding 
reduction in isentropic index from 1.40 to 1.333. Only 
at the higher pressure ratios does this correction 
exert an appreciable effect on the range of tempera- 
tures in which the intercooled cycle has the better 
efficiency. Even then the lower absolute level of tem- 


(12) 


.- (13) 


—-— Constant Specific Heats 


Variation of Specific Heats 
Taken into Account 


0°85 


\ 


Higher Efficicncy from 


Plain 


™ Higher Efficiency from 


Maximum Cycle Temperature, Deg. K. 


2 6 10 14 
Cycle Overall Pressure Ratio 


Figure 13. Conditions for superior thermal efficiency for 
plain and intercooled cycles. 
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perature (the condition for positive work) is virtu- 
ally unchanged. At a pressure ratio of 16, the upper 
temperature above which the plain cycle is superior, 
can now be more accurately determined as 1,310° K, 
compared with 1,130° K when specific heat variation 
is ignored. The discrepancy is, however, less than 
100° C for pressure ratios below about 10. 

Reverting to Fig. 11, it should be noted that in the 
special case of ideal component performance, such 
that »- = nr = 1.0, inequalities (7) and (9) both re- 
duce to 


This implies that the condition for superiority of the 
plain cycle does not hold good in the hypothetical 
limiting case when no heat is supplied. 


CYCLE EFFICIENCIES 
It is desirable first to obtain an expression cor- 
responding to equality of efficiency between the plain 
and intercooled cycles. This may easily be done by 
substituting the equation resulting from (7) 


T;_ K+K*(1—%) 


T, — K¥(1 — ny) ] 


into (2) or (4). After some simplification we find 
that 


which happens also to be the thermal efficiency of 
the ideal constant-pressure or Joule cycle with a 
pressure ratio of R*. A surprising feature of (14) is 
that it is independent of both the overall temperature 
ratio t and the component efficiencies »- and nr, the 
efficiency being a function only of the pressure ratio 
and the isentropic index. The lower curve in Fig. 14 
shows the effect of taking into account the variation 
of specific heats. At a pressure ratio of 10, the thermal 
efficiency of both cycles is about 28 per cent for con- 
stant specific heats, which must be compared with 25 


> 
5 30 
& 
2 
a a —-— Constant Specific Heats 
& Z Variation of Specific Heats 
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2 4 6 8 10 12 14 


Cycle Overall Pressure Ratio 


Figure 14. Values of thermal efficiency in terms of pressure 
ratio at which thermal efficiencies of plain and intercooled 
cycles are equal. 
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per cent when the correction for specific heats is ap- 
plied. 

The order of percentage change in thermal effi- 
ciency due to using the intercooled cycle in place of 
the plain cycle is best illustrated by a representative 
example, in which the overall pressure ratio is 14, 
the compressor efficiency being 0.85 and the turbine 
efficiency 0.90. The change in efficiency is investi- 
gated for a range of temperatures from 850° K to 
2,200° K. The intercooled cycle does not produce pos- 
itive work for maximum temperatures below about 
620° K, while the plain cycle requires 770° K for 
positive output. Variation of specific heats is taken 
into account. The results are presented in graphical 
form in Fig. 15, from which it is clear that in the nar- 
row range of temperatures between 770° K and 920° 
K the intercooled cycle has the better efficiency. The 
slope of the curve representing percentage efficiency 
change is very steep in this narrow temperature 
range, the gain falling from 20 per cent at 850° K to 
5 per cent at 890° K. 

Between 920° K where the efficiencies are equal 
at 27 per cent and about 1,200° K the percentage im- 
provement in efficiency with the plain cycle rises 
steadily to a maximum of nearly 7 per cent but at 
higher temperatures tends to fall almost linearly to 
about 4 per cent at 2,200° K. Comparative values of 
efficiency at this temperature are, for the plain cycle 
40.6 per cent, and for the intercooled cycle, 39.0 per 
cent. Over a very wide range of temperatures the 
plain cycle therefore has clearly the better efficiency. 


Fig. 15 also shows the percentage gain in power 
output from the intercooled cycle. With increasing 
maximum temperature the gain falls rapidly from 
over 100 per cent at 920° K to only 10 per cent at 
2,200° K. Thus ultimately there is little to choose 
between the performance of the two cycles, and this 
is seen to be true in the general case as T, becomes 
very large by, comparison of (1) with (3), and (2) 
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= 20 Efficiency Curve 200 § 
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= 15 Overall Pressure Ratio 14:1 150 3 
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2 100 
& = 
3 \ 

© 
\ 
= 
: 


800 1,000 1,200 1,400 1,600 1,800 2,000 2,200 
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Figure 15. Changes in efficiency and output as a result of 
intercooling. 


with (4). The efficiency of the intercooled cycle could 
be raised above that of the plain cycle by the inclu- 
sion of a heat exchanger. But if the main purpose of 
high-temperature operation is the improvement of 
efficiency rather than output, this can be achieved 
by a heat exchanger alone. Increased specific output 
is, of course, also obtained by raising the maximum 
temperature of any operating cycle; in Part I it is 
estimated that in a relatively simple arrangement of 
compressors, combustion chamber and turbines, in- 
volving only a heat exchanger, the output could be 
increased from 150 to more than 300 b.h.p. per Ib. of 
air per second by raising the maximum temperature 
from 1,400° K to 2,000° K. Such considerations would 
seem to rule out the use of intercooled cycles at the 
highest operating temperatures. 


III—HEAT TRANSFER CHARACTERISTICS OF A LIQUID METAL IN THE CLOSED 
THERMOSYPHON 


INTRODUCTION 


This paper presents an account of an experimental 
investigation concerning the operation of the thermo- 
syphon system of heat transfer; mercury was used 
as the internal coolant. Quantities of this liquid metal 
were enclosed in the hollow spokes of a wheel ro- 
tated at speeds up to 1,500 r.p.m.; the inner halves of 
the wheel passed through a cold air stream and the 
outer halves through hot gas from a combustion 
chamber. The variation in the observed rates of heat 
transfer suggests that, owing to the restriction placed 
upon convective motion in the liquid by the narrow 
confines of the thermosyphon elements, the only sig- 
nificant transfer of heat between the hot and cold 
sides resulted from evaporation and condensation. 
Further and more important, it was found that under 


the conditions of this experimental investigation the 
returning stream of condensate from the cooled ends 
of the thermosyphon elements contributed signifi- 
cantly to the heat transfer process. 

It is now becoming generally accepted that a worth- 
while improvement in the performance of internal 
combustion turbines will only be possible by increas- 
ing the maximum gas temperature to such a level as 
to make inevitable liquid cooling of the turbine rotor 
blades. Air, the logical coolant for gas turbines, be- 
cause of its low thermal capacity and conductivity 
allows only a limited increase in maximum tempera- 
ture beyond that possible in uncooled engines, al- 
though air-cooling systems have the great advantage 
of requiring a minimum of mechanical complication. 
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It is for this reason, probably, that until recently 
most research and development has been concerned 
with the use of air for cooling turbine blading, for 
the “plumbing” difficulties, as they have been termed, 
of dealing with liquids in the inevitably confined 
spaces of high-speed turbine rotors are formidable. 

The closed thermosyphon system, in which a 
quantity of coolant is enclosed within each blade to 
act as a conveyor of heat to a secondary coolant flow- 
ing over the root, enables some of the difficulties of 
liquid cooling to be avoided. For instance, it is not 
necessary to provide continuous flow passages within 
the blade section, as with forced-convection systems, 
nor are the blades themselves subjected to the hydro- 
static forces corresponding to a column of liquid of 
height almost equal to the radius of the rotor and 
acted upon by centrifugal accelerations of up to 
30,000 g. Further, and of great importance, since the 
liquid is enclosed within the cooling passages in the 
blades, these are not liable to blockage by centrifugal 
deposition of solid impurities in the main circulating 
coolant, a problem present with all open liquid-cool- 
ing systems. 

Another great advantage of the closed thermo- 
syphon is that it makes possible a wider choice of 
coolant, since liquids which by their toxic or chemi- 
cally reactive nature are impracticable in open sys- 
tems can be sealed into the blades and used in con- 
junction with a more conventional external coolant 
at the root. This is an important factor in turbine 
cooling applications of the thermosyphon because 
water, the obvious choice of liquid, while it has many 
advantages—namely high latent heat, good thermal 
conductivity, chemical inertness and abundance, 
among others—has the one great disadvantage that 
its critical temperature is only 704° F (373° C). This 
means that turbine blades in which water is used as 
the coolant must either operate at temperatures much 
less than the materials available will withstand, with 
the thermodynamic penalties which this undercool- 
ing implies, or, alternatively, the whole cooling sys- 
tem must be pressurized to at least 3,200 Ib. per sq. 
in., and evaporative methods of heat transfer, with 
their many advantages, ruled out. Unfortunately, 
there are few liquids known which have critical tem- 
peratures higher than that of water and in practice, 
for purposes of turbine cooling, the only alterna- 
tives to water are the liquid metals, the properties 
of which are relatively unknown. 

In this paper some experiments carried out in the 
Stephenson Engineering Laboratories of the Univer- 
sity of Durham are briefly described, in which the 
heat transfer characteristics of liquid metals in the 
closed thermosyphon have been investigated. Al- 
though the results obtained are provisional and of a 
qualitative nature it is thought that the trends which 
they indicate are sufficiently unexpected to be of in- 
terest to others who are engaged in or are contem- 
plating work of a similar nature in connection with 
the cooling of gas turbine blades or other problems 
for which liquid metals are particularly useful. 
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APPARATUS AND PROCEDURE 


The apparatus used for the experiments described 
here was originally designed and operated by Dr. 
Henry Cohen, and is described in detail by Cohen 
and Bayley (1955). Briefly, the heat transferring ap- 
paratus (Fig. 16) consists of a wheel which can be 
rotated at speeds up to 2,000 r.p.m. and which has 24 
hollow spokes in which the coolant to be tested can 
be placed. During part of each revolution and outer 
halves of the spokes pass through a stream of hot 
gas from a gas-turbine combustion chamber, while 
the inner halves similarly pass through a stream of 
air at about room temperature supplied from a 
blower which also delivers air to the combustion 
chamber. The rise in temperature of the air in pass- 
ing through the apparatus is accurately measured 
and from its rate of flow the amount of heat trans- 
ferred by the thermosyphon action of the liquid 
within the spokes or elements can be determined. 
No attempt was made to measure the temperatures 
of the rotating elements and accordingly the appar- 
atus should be regarded as giving a qualitative or 
comparative picture of the different thermosyphon 
arrangements tested, rather than a detailed quanti- 
tative analysis of the heat-transfer processes occur- 
ring. For this latter purpose of far more elaborate 
and costly apparatus would be necessary. 

For the tests described here, mercury, the most 
readily obtainable of the liquid metals and the one 
of which the physical properties are best known, has 
been used as the coolant. Amounts sufficient to fill 
one-quarter, one-half, three-quarters and the whole 
of the heated length were put into the hollow spokes 
with a graduated burette. Measurements of the rate 
of heat flow from the gas stream to the cold air have 
been made at speeds of 500, 1,000 and 1,500 r.p.m., 
corresponding to mean centrifugal accelerations in 
the heated ends of the thermosyphon of 49, 196 and 
440 times the acceleration due to gravity. To obtain 
adequate rates of heat flow the gas temperature has 
been kept constant throughout the test series at 


1,025° F (552° C), which is considerably above the 


Figure 16. Experimental apparatus for determining the 
rate of heat transfer in a rotating thermosyphon. The spokes 
of the wheel correspond to the hollow blades of a gas turbine 
in which liquid metal is sealed. 
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temperature at which the apparatus was designed to 
operate. Consequently, considerable mechanical de- 
velopment has been necessary, mainly to overcome 
the problem of thermal distortion. 

The procedure adopted for the tests has closely 
followed that developed by Cohen. Tests were first 
run to determine at each speed the rate of heat trans- 
fer by all means other than through the thermo- 
syphon elements. Then followed, for comparative 
purposes, experiments to measure the rates of heat 
flow with empty elements, before the appropriate 
quantities of mercury were inserted for the main 
investigation to begin. Before and after each series 
of tests the thermosyphon elements were weighed to 
ensure that the required quantity of mercury had 
been put into the elements and to check that the 
sealing system had remained tight. 


RESULTS 
The rates of heat flow in B.T.U. per second through 
the 24 thermosyphon elements observed during the 
tests with the different quantities of mercury and at 
the three speeds are given in Table I. 


TaBLeE I.—Experimental results for heat flow in 
thermosyphon elements. 


Elements, 36 in. o.d., % in. bore, 234 in. heated length, 3% in. 


cooled length. 

Filling quantity = BTU per sec. 
500 0.451 
Empty { 1,000 0.485 
1,500 0.414 
504 
Heated end % full { snap en 
1,500 0.461 
500 0.481 
Heated end \% full { 1,000 0.409 
1,500 0.283 
500 0.450 
Heated end % full | 1,000 0.376 
1,500 0.254 
500 0.531 
Heated end full 1,000 0.552 
1,500 0.428 


At each speed it is seen that the insertion of the 
first small quantity of mercury caused the rate of 
heat flow from the heated to the cooled ends of the 
thermosyphon elements to increase, as would be 
expected, above the values observed with no in- 
ternal coolant. At 500 r.p.m. increasing the quantity 
of mercury in the elements led to no substantial 
change in the rate of heat flow until the heated 
length was full. At the two higher speeds the 
strange result was obtained that the rates of heat flow 
fell with the addition of more coolant, to less than 


that observed with the empty elements, until the 
heated length was completely submerged. 


MECHANISM OF HEAT TRANSFER PROCESS 

These unexpected results which, it will be shown, 
are of great significance in the application of the 
thermosyphon to turbine cooling, can be explained 
by reference to the modes of heat transfer which 
can obtain in liquid-filled elements. In the tests de- 
scribed in this article the only means whereby heat 
could be transferred through the coolant to the cold 
ends was by evaporation and condensation of the 
mercury, or by metallic conduction along the tube 
walls. 


It would be expected that most of the vapor would 
form at the free surface of the liquid, the latent heat 
being supplied by convective motion arising from 
buoyancy forces in the centrifugal acceleration field 
caused by rotation of the wheel. If, however, it is 
assumed that heat transfer takes place only by boil- 
ing in the liquid column, then, in view of the very 
high coefficients associated with this mode of heat 
transfer, the walls of each element would take up a 
temperature distribution following closely the satu- 
ration temperatures of the coolant at the prevailing 
hydrostatic pressures. Fig. 17 shows the variation in 
saturation temperature along the liquid column in the 
heated ends of each element for the quantities of 
mercury tested at the two speeds, 500 and 1,000 
r.p.m. Similar, but steeper, lines are obtained for con- 


1,1 
Gas Temperature 
1 
4 
a7 
600 
/ ---- 500 R.P.M. 
1,000 R.P.M. 
| —-— Empty Elements at 
1,000 R.P.M. 
400 
1 ‘a % 
Proportion of Heated Length 


Figure 17. Saturation temperature distribution in rotating 
elements at two speeds—500 and 1,000 r.p.m. Cooling is effect- 
ed by evaporation and condensation. 
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ditions at 1,500 r.p.m., but are not shown to avoid 
further confusing the figure. The pressure at each 
radius, r, due to the column of mercury was calcu- 


lated from the expression | —eutrdr, where r, is the 
radius of the free liquid surface, » the angular ve- 
locity of rotation and o the density of mercury. The 
pressure above the surface would depend upon the 
largely unknown condition which prevailed at the 
cooled end of this completely enclosed system. If the 
mercury vapor diffused throughout the air enclosed 
in the elements, the additional partial pressure of this 
gas would have raised the total internal pressure 
above the saturation pressure and prevented boiling 
(not evaporation). It is more likely, however, that 
the mercury vapor displaced the lighter air to the 
inner ends of the cooled region of each thermosyphon 
element so that the vapor pressure was then equal 
to the total pressure in the system. The exact value 
of this pressure would depend upon the unknown in- 
ternal and external heat transfer coefficients at the 
cooled ends of the elements, but within wide limits, 
the argument which follows is unaffected, qualita- 
tively at least, by the saturation pressure. For the 
purposes of illustration it has been assumed constant 
at 30 Ib. per sq. in., a mean figure consistent with the 
conditions of the tests. 

Those parts of the wall of each element above the 
surface of the liquid column will have been in con- 
tact with either the vapor of the internal coolant or 
the condensate returning from the externally cooled 
ends of the thermosyphon. In the former case, cool- 
ing of the wall above the liquid column would have 
been negligible, and increasing the quantity of mer- 
cury would have increased the rate of heat transfer, 
contrary to the observations. In the second case the 
wall temperature would be substantially that corre- 
sponding to the saturation temperature of the mer- 
cury at the free surface, with a process of heat trans- 
fer by evaporation from a liquid film similar to that 
described in detail for water in the closed thermo- 
syphon by Cohen and Bayley (1955). 

The rates of heat flow from the heated ends of the 
element to the internal coolant, with the assumption 
that the only significant mode of heat flow is by 
evaporation, are represented by the areas between 
the lines corresponding to the distribution of satura- 
tion pressure at the different conditions tested and 
the horizontal line representing the constant gas tem- 
perature. Up to the condition at which the heated 
length is completely submerged in mercury, these 
areas are found to vary with filling quantity in a 
manner which almost exactly follows the observed 
variation in the rate of heat transfer through the 
thermosyphon elements, as is demonstrated in Fig. 
18. In this figure the rates of heat transfer calculated 
from the curves of coolant saturation temperature 
and the heat transfer coefficient measured with the 
elements one quarter full are compared with the ex- 
perimental results. 
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Figure 18. Comparison between experimental values of 
heat-flow rate and those calculated on the assumption of heat 
transfer by evaporation from the curves of Figure 17. 


VAPOR PRESSURE 


Better agreement between the calculated and 
measured results is obtained if the temperature-area 
integral for that part of the heated length above the 
liquid column is multiplied by a factor of 0.8. This 
factor can readily be accounted for by the observa- 
tion by Cohen and Bayley (loc. cit.) in experiments 
with water in a static thermosyphon, that the return- 
ing condensate film did not completely cover the wall 
of the thermosyphon tube, an effect which would 
probably be increased in the present apparatus by 
the Coriolis forces acting. These tend to direct the 
film away from the leading surfaces, thus causing 
local cooling failure in these regions. Equally, how- 
ever, the factor could be accounted for by variations 
in the internal vapor pressure which has been as- 
sumed constant, but which almost certainly is de- 
pendent upon the rate of heat flow. 

In either case, however, the qualitative results, 
such as the decrease in the rate of heat flow observed 
under some conditions when the speed was raised or 
the quantity of internal coolant increased, are unac- 
countable unless the assumption is made that heat 
transfer to the internal coolant occurs when the 
heated length is less than full only by evaporation 
over the whole liquid column, and further, that the 
walls above the liquid surface are cooled by a film 
or series of rivulets of returning condensate and 
thereby contribute significantly to the heat-transfer 
process. 

The increased rates of heat flow observed in the 
two test series in which the heated lengths of the 
thermosyphon elements were submerged in mercury 
can be explained by reference to the temperature 
distribution along the walls of the empty elements ro- 
tating at 1,000 r.p.m. drawn in Fig. 17. This curve 
was calculated from the measured rate of heat flow 
and the hot gas-to-elements heat-transfer coefficient 
deduced from the earlier tests referred to above, and 
is seen to lie below the saturation temperature curve 
drawn for the appropriate rotational speed. Thus 
when the heated length is submerged it is clear that 
no evaporation will occur and temperature gradients 
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in the elements, which were previously evened out 
above the liquid column by the condensate and vapor 
of the mercury which only partly filled the heated 
length, are created which contribute significantly to 
the rate of heat flow. 

The severe temperature gradients along the col- 
umns of mercury in the closed thermosyphon ele- 
ments of the apparatus here described, which appear 
to be consistent with the experimental results ob- 
tained, may need some justification since it would be 
expected, at first sight, that convective buoyancy 
forces due to the centrifugal acceleration in the ro- 
tating apparatus would even them out. For instance, 
if theoretical data on heat transfer by free convection 
in liquid metals (Bayley, 1955) is applied to the con- 
ditions of the tests reported here it is found that the 
rate of heat flow observed in the test with the ele- 
ments half-full at 1,500 r.p.m. would be achieved with 
a mean temperature difference of only 1.8° F (1° C) 
between the inner walls and the coolant. At this con- 
dition, however, substitution of the relevant values 
of the properties concerned into the expression for 
the boundary layer thickness which is also derived 
in the theoretical paper cited, shows this to be about 
0.26 in. at the free liquid surface, which is more than 
the internal diameter of the thermosyphon elements. 
A similar result is obtained for the other tests at the 
lower speeds. It is, threfore, clear that the geometry 
of the thermosyphon system will impose a severe re- 
striction upon the rate of free convection circulation 
of the internal coolant, sufficient apparently, accord- 
ing to the results reported here, almost to damp out 
convective motion altogether. 


CONCLUSIONS 


The two significant findings of the experiments 
described in this article are, first, the evidence of a 
very severe restriction upon the convective circula- 
tion rate in the closed thermosyphon containing a 
liquid metal—mercury. Second, the more important, 
the evidence that mercury acts as a coolant by run- 
ning over the heated surfaces of the elements as a 
film in the manner in which water was observed to 
behave in the experiments reported by Cohen and 
Bayley (1955). 

The first of these two main conclusions is of less 
interest because the conditions in the rotary appara- 
tus tested are much less favorable for the setting-up 
of a stable free convection circulation than will be 
those in a turbine, for which the heat-transfer system 
is finally intended. Thus, the maximum centrifugal 
acceleration achieved in the tests described here was 
440g, whereas, as has been pointed out, values of up 
to 30,000g are quite likely in a gas-turbine rotor. With 
their higher centrifugal accelerations the boundary 
layers for a given rate of free convection heat trans- 
fer tend to be much thinner, and consequently the 
restriction on the circulation is reduced. In the dis- 
cussion on the previous paper by Cohen and Bayley 
(1955), Dr. T. W. F. Brown gives details of results 
obtained on a rotating apparatus at Pametrada which 


suggests that at very high rotational speeds liquid 
metals can provide adequate rates of heat transfer 
in the closed thermosyphon by free convection alone 
with no change of phase. 

The importance of the second main finding—that 
mercury appears to act effectively as a coolant in the 
form of an evaporating film—is that it suggests that 
the thermodynamic advantages of this fluid as a cool- 
ant for turbine blades may be utilized without the 
mechanical disadvantages normally resulting from 
its high density. If just sufficient mercury were sealed 
into a hollow turbine blade to ensure a complete film 
of liquid over the internal surfaces no hydrostatic 
forces would result and the only additional blade 
stresses resulting from the presence of the coolant 
would be those due to the vapor pressure. With mer- 
cury this need not be a serious factor to be taken into 
account, since for instance an operating blade tem- 
perature of 1,000° F (533° C) could be employed 
with an internal pressure of only 180 Ib. per sq. in. 
The thermodynamic advantages of mercury as a cool- 
ant, in fact, lie in the possibility that it enables the 
whole range of practicable blade working tempera- 
tures to be utilized, and the particular value to be 
chosen from considerations quite unaffected by the 
internal heat-transfer characteristics of the cooling 
system. Thus with evaporation as the mode of heat 
transfer within the turbine blades, the internal re- 
sistance to heat flow may be considered negligible so 
that design of the cooling system is reduced to the 


] | 

Gas Temperature-2,200 Deg. F. 
Curve A - Root Coolant at 500 Deg. F. 
NJ Curve B - Root Coolant at 100 Deg. F. 


L 2 5 10 
Conductance Ratio 

Figure 19. Effect of conductance ratio on turbine blade 
temperature. Much less severe heat-transfer rates are re- 
quired at the blade root when higher operating temperatures 
are possible. 
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achievement of a suitable value of the conductance 

ratio, defined as 

heat-transfer coefficient < surface area for heat 
extraction (at blade root) 


heat-transfer coefficient < surface area for heat 

input (at blade span) 
Fig. 19 shows how this parameter affects blade op- 
erating temperatures, and indicates the much less 
severe heat transfer rates required at the blade root 
when higher operating temperatures are possible 
than are necessary if undercooling is made inevita- 
ble by the characteristics of the many alternative 
liquid coolants which can be utilized in a thermo- 
syphon system. 

It is, therefore, clear that many advantages will 
result if mercury can be used as an internal blade 
coolant on the evaporating film principle previously 
observed to be possible with water. While the results 
reported in this article suggest that mercury can 
operate in this way, the conservative conditions of 
the apparatus used for the tests described, when 
compared with those of turbine operation do not en- 
able a final definite conclusion to be drawn on this 
point. The urgent need now is for experimental con- 
firmation, or otherwise, from a more advanced and 
elaborate apparatus than is possible in a University 
Department. 
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Use of the reheat cycle in marine propulsion has gained recently renewed 


interest as a result of the installation on the Canadian Pacific Steamship 


Company's new liners the ''SS Empress of Britain" and the ''SS Empress 


of England." In each installation, the reheating for both turbines is accom- 


plished in a reheat boiler separate from the two main boilers. The reheat 


boiler, when in operation, also supplies superheated steam to the main 


line, decreasing the demand on the two main boilers. The reheat steam 
enter from the last stage of the H.P. turbine at 175 psig and 612° F and 
returns to the first stage of the I.P. turbine at 165 psig and 850° F. 


550 A.S.N.E. Journal, August 1957 


S. 

| 

has 

mat 

wit 

diti 

the 

Bel 

the 

out 

wit 

wo: 

| tin 

in 

| Ho 

cat 

no 

nal 

ica 

ma 

tic: 

pri 

ma 

ho: 

de: 

ua 

tic 

as 

ca 

ere 

at 

re 

cn 


DAVID W. SALTUS 


SOUND OVER THE SEA 


THE AUTHOR 


received his Bachelor’s degree in Electronic Physics from Harvard Univer- 
sity in 1945, and his Master’s in 1948. He served in the Navy during World 
War II as a Radar Officer. He has taught Physics and Mathematics in the 
intervening years. Since 1955, he has been associated with Reed Research, 
Inc., Washington 7, D. C., working in the field of acoustics, particularly sound 


propagation. 


a phenomena play a special role in the lives 
of ship designers and ship operators. Anyone who 
has lived aboard a vessel in repair dock with pneu- 
matic tools for shipmates is painfully acquainted 
with this uncomfortable aspect of acoustics. In ad- 
dition, there are few walks of life where the safety 
of equipment and personnel depends so much upon 
the interpretation and production of sounds which 
have travelled or will travel over long distances. 
Bells, diaphones and whistles still cry of danger in 
the fog; shouts and hails still have a utility not yet 
outgrown. However, in spite of such experience 
with sounds, it is suspected that most maritime 
workers know very little about the basic physical 
laws which govern sound propagation. How many 
times do Captains fail to use weather information 
in estimating the range of audibility of a fog signal? 
How many times are the specifications for a fog 
warning device written from the manufacturers’ 
catalogs? Much too often, it is feared. The fault is 
not completely the mariner’s; the topic of sound sig- 
nals over the sea is seldom covered in the period- 
icals he usually reads. To a large extent, the infor- 
mation he could use is scattered through the acous- 
tical literature, often within articles which deal 
primarily with other issues. This article is a sum- 
mary of this scattered information arranged, it is 
hoped, in such a way that it will prove useful to the 
designer or operator when he is presented with sit- 
uations similar to those outlined above. 

For the sake of continuity and to remain prac- 
tical, the relevant technical information is presented 
as the answer to a question, namely: what factors 
cause a sound signal to fall in intensity as it in- 
creases in distance from its source? 

The order of intensity magnitudes might be noted 
at this point. At its extreme of sensitivity, the ear 
responds to a pressure on the drum of .0002 dynes/ 
cm’; a fog horn might produce a pressure of 210° 


dynes/cm? near its throat. The horn is a million 
million times stronger than the threshold level of 
the ear. This discrepancy in magnitude suggests 
that the initial question could be put in a less stilted 
form; the fundamental question might well be: why 
can we not hear our warning devices further than 
we do? 

One reason we cannot lies in the fact that the 
energy in a sound wave usually spreads out over a 
larger and larger area as the wave moves away 
from the source. The amount of energy crossing a 
given area of space becomes less and less just as 
the thickness of a paint layer must decrease if a 
larger wall is to be covered. In many of the cases 
which occur in practice (e.g. low frequency devices 
like fog horns); it is possible to assume that the 
sound waves diverging from the source are in the 
form of expanding spheres. When this assumption 
holds, it follows that the intensity falls inversely as 
the area of the sphere which, in turn, varies directly 
as the square of the distance from source to wave. 
The acousticians find it useful to measure this re- 
lationship between intensity and distance in terms 
of a logarithmic unit, the decibel. (See Reference 
1.) In these units, the loss in intensity due to spher- 
ical spreading amounts to 6 decibels each time the 
distance is doubled. The spreading out of sound 
energy is therefore an important loss factor near 
the source, since the intensity decreases by 6 db 
whether the change in distance is from 1 foot to 2 
feet, or from 1 mile to 2 miles. Consideration of the 
geometry of the situation makes this result reason- 
able, since spheres of great radii approximate 
planes upon which there will be no spreading. 

A second cause for the diminution of sound ener- 
gy with distance may be found by considering the 
nature of the medium in which it is propagated. To 
form a somewhat naive picture, it can be imagined 
that the molecules moving with the sound wave rub 
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against each other, degrading the sound energy to 
thermal by friction. The compressions and rarefac- 
tions of the air which make up a sound wave also 
vary in temperature with consequent flow of therm- 
al energy from one to the other. While this last is 
not a friction loss; the ultimate result is the same, 
i.e. sound energy is changed to thermal. All mech- 
anisms which lead to thermal losses are usually 
grouped together and collectively known as absorp- 
tion effects. At low frequencies such effects are 
small; since absorption is dependent upon the 
square of the frequency, it cannot be neglected at 
the higher pitches. (See Table 1 which gives repre- 
sentative values of absorption calculated from theo- 
retical consideration of the particular loss mechan- 
isms described.) 


TaBLe 1—Theoretical Values of Absorption 


Frequency Absorption db/1000 ft. at 0°C 
10 10° 
100 
200 1.6 X 10° 
300 3.6 X 10° 
400 6.4 X 10° 
500 1.0 < 10° 


An idea of the impossibility of explaining ob- 
served ranges of audibility as the result of spread- 
ing and simple absorption may be gained from an 
inspection of Figure 1. This figure was prepared by 
simply assuming that spreading and absorption con- 
stitute the only loss mechanisms. It was further as- 
sumed that the useful range of the signal was 
reached when its level became 20 db. Admittedly, 
twenty db is a compromise figure which recognizes 
both the fact that one never can listen in a region 
of absolute quiet and the fact that the ear cannot 
hear sounds as low as zero db at all frequencies. 
Using this arbitrary and somewhat suspect limiting 
level, as well as the formulas of Table 1, it is a 
straightforward matter to assume a source intensity 
at 100 feet and then to compute how many times the 
100 feet must be doubled to lower the intensity to 
20 db. 

One conclusion becomes immediately apparent 
when examining the graph that results: simple ab- 
sorption is usually negligible in comparison with 
the 6 db fall-off due to spherical spreading. The 
break in the curves of Figure 1 match the frequen- 
cies above which absorption losses need be consid- 
ered; many maritime signals lie below these points 
and never reach the longer ranges. If a concrete ex- 
ample is taken, a second conclusion becomes ap- 
parent: Figure 1 is completely unrealistic. As an 
example, the Queen Mary’s whistle produces 113 db 
at 100 feet. The operating frequency, or frequencies, 
are probably low; if a single frequency output at 
300 cps is assumed and Figure 1 is entered, the 
curves indicate a useful range of over one hundred 
miles for the device. Needless to say, this result is 
ridiculous. 

Arguments similar to the above have long led to 
the conclusion that spherical spreading and absorp- 
tion are not sufficient explanations for sound attenu- 
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ation. The comparison of predictions from Figure 1 
with anyone’s experience establishes the point; 
numerous measurements of sound attenuation have 
also confirmed the inadequacy of the simple theory. 


TaBLE 2—Measured Values of Sound Absorption 


Frequency Avg. Min. Absorption Avg. Max. Absorption 
db/1000 ft. db/1000 ft. 

125 44 1.0 

250 36 1.49 

500 1.08 2.58 


Table 2 lists the result of one such study. The fig- 
ures shown are the values of the attenuation, a, in 
db/1000 ft., which remained after the data had been 
corrected for spherical spreading and absorption. It 
will be noted that this residue is considerable. Fig- 
ure 2 has been prepared to show how considerable 
this residual attenuation really is by displaying a 
comparison between losses due to it and the losses 
due to spherical spreading and absorption. On Fig- 
ure 2, the curved line represents the spherical 
spreading loss at various ranges. At any range, this 
curve gives the value which must be subtracted 
from the signal level at one foot to give the level 
at the new distance. The straight lines represent 
similar corrections to the level at one foot due to 
various values of a, the attenuation in db per 100 
feet. It will be noted that the values of Table 2 lie 
near the two straight lines on the far right. It will 
be further noted that attenuation factors calculated 
from Table 1 would not even be perceptible if 
plotted on the scale of Figure 2; as has been stated, 
theoretical absorption is often negligible. We can 
use Figure 2 for yet another purpose—for recom- 
puting the range of the Queen Mary’s whistle. The 
level of this device is 153 db at one foot (see Refer- 
ence 1). At approximately 35,000 feet, Figure 2 
shows that the spreading and attenuation loss add 
up to approximately 150 db; thus, 6 or 7 miles is 
indicated as a very generous upper limit for the 
range of audibility of the Queen Mary’s whistle. 
This result is much more consistent with observa- 
tions than was the previous estimate. 

From these considerations we arrive at what 
might be called the acoustical sixty-four dollar 
question. What causes experimental measurements 
of attenuation to be so high? Why this wide dis- 
parity between actual observations and predictions 
made from the simple theory? The full explanation 
is not simple; sixty-four dollars does not begin to 
approach the money spent on propagation studies, 
and in spite of the research the experts are uncer- 
tain as to all the details. It does appear, however, 
that there are in all ten factors which affect the 
range of a sound signal. Two have already been 
mentioned, spreading and absorption, and four 
more, the more important, will be commented upon 
below. These four are humidity, temperature, wind, 
and ambient or background noise level. 

The humidity present in the atmosphere has a 
curious effect upon the passing sound wave. Water 
molecules apparently catalyze a packing loss asso- 
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ciated with the oxygen molecules of the air. The 
magnitude of the resultant loss is dependent on the 
humidity in a complicated way, which is best de- 
scribed by a graph (Figure 3) taken from the re- 
ports of V. O. Knudsen.* The graph shows that hu- 
midity loss can be considerable at the higher fre- 
quencies and that it “peaks” for some value of 
relative humidity at any particular frequency. 
When it is recalled that most of the intelligence in 
speech is conveyed by frequencies above 2000 cps, 
it becomes apparent that the intelligibility of hails 
and shouts will be adversely affected on very dry 
days particularly. It is not thought, however, that 
this humidity factor is of great importance for fog 
horns and similar devices where the low frequen- 
cies used make the loss small at all humidities. 
Wind and temperature effects may be considered 
together since both produce a similar effect—refrac- 
tion or bending of the sound rays. This bending 
often results in a decreased range of audibility since 
the wave is bent away from the receiver who would 
otherwise hear it. To be as brief as intelligibility 
permits, any wave will be refracted as it enters a 
medium in which its velocity is different. If a plane 
wave enters a region of lower velocity obliquely, it 
will “stub its toe,” so to speak, on the slower me- 
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dium and bend more sharply into it; the reverse 
occurs if the new region is one of higher wave ve- 
locity. Since sound velocity is directly dependent on 
the square root of the absolute temperature and 
since the velocity of the medium itself adds to or 
subtracts from the sound velocity, it is apparent 
that refractive bending will occur whenever a 
sound wave enters a region of the atmosphere 
where either or both the temperature and wind ve- 
locity are different from the region originally tra- 
versed. It can be shown that regions in which either 
temperature or wind change continuously with alti- 
tude will curve the path of the sound waves. 

Two interesting phenomena occur as a result of 
this—shadow zones and channeling. When upward 
bending occurs, a shadow will be formed by the 
ground as can be seen in Figure 4. 


Such a shadow is not as sharp or as total as an 
optical shadow, but the sound intensity is much 
diminished in the region. An important case of 
channeling can occur downwind when conditions 
favor a downward bending of the rays—Figure 5. 
Audibility can extend for long distances under such 
conditions. 


\\\ 


WIND 
WCREASING VELOCITY 


Figure 5 
The effect of the wind is clearly evident in Figure 
6—a plot of the limits of audibility around Boston 
Light Ship, data taken in 1930.‘ 


Weather conditions impose a practical limit on 
the range of sound signals in yet another way. High 
winds, rain, and storms can raise the background of 
noise through which the signal must be heard. 
Noises originating on the ship, propulsion noise, 
water noises against the hull, crew activities, as 
well as sea noises due to the sea state or to break- 
ers, all noises from these and similar sources pro- 
duce a masking effect upon an ear or a microphone. 
From the practical standpoint, therefore, the am- 
bient or background noise must be included in any 
list of factors which influence the audible range of 
a sound signal. Unfortunately, not much published 
information is available which would enable one to 
estimate the average magnitude of typical ambients 
at sea. Strangely enough, it is much easier to pre- 
dict the ambient levels in the water under the ship 
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or in the machinery spaces than it is to predict 
above deck levels. One figure is available which can 
be used to estimate the ambient. In the evaluation 
and development of fog horns the Coast Guard cus- 
tomarily assumes that a 55 phon® signal will be 
heard above the usual ambients at sea. Using the 
definitions of Reference 5, this value of 55 phons 
can be used to derive a curve of the typical ambient 
at sea. The result is shown in Figure 7. 

The levels of the derived Coast Guard ambient 
make it apparent that Figure 1 is in error in yet 
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another way. It will be recalled that a uniform am- 
bient of 20 db was assumed in preparing Figure 1; 
Figure 7 indicates that this value was too low. Fig- 
ure 8 shows the result of correcting Figure 1 with 
the ambient levels of Figure 7. An inspection of the 
theoretical ranges which result indicates that typi- 
cal ambient levels do not impose the severest limit 
on the range of an airborne sound for frequencies 
above approximately 100-200 cps. At the higher fre- 
quencies the range curves would, of course, rise 
again as the absorption increased. There is, there- 
fore, a band of optimum frequencies insofar as 
range is concerned. This has evidently been recog- 
nized in the design of fog horns; Table 3 shows the 
operating frequencies of several such devices. These 
frequencies lie in the optimum range as shown on 
Figure 8. 


TABLE 3 
Fundamental Harmonics 
200 mm diaphragm ........... 110 260,390 


Finally, and in summary, it may be said that the 
question proposed at the beginning of this article 
can, at present, be answered only in a general way. 
This survey has, of necessity, been brief; however, 
enough has been included for the reader to appre- 
ciate that there exists no simple or accurate way of 
predicting the sound level which will exist at a 
given distance from some specific sounding device. 
This article has not touched upon reflection, absorp- 
tion by the ground, diffraction, or scattering all of 
which have a complex effect upon the levels. It is 
hoped that enough information has been included 
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to serve as the basis of useful, although somewhat 
qualitative, judgments. 

For example, the range curves should prove use- 
ful in the evaluation or design of new warning sig- 
nals. Then, too, an appreciation of the effects of the 
wind and temperature structure of the atmosphere 
should prove useful in both explaining and predict- 
ing departures from the usual range of a fog signal 
or a bell. Good listening practices may be devised; 
the difference between Figure 8 and Figure 1 em- 
phasizes the importance of maintaining low ambient 
levels at listening positions on a ship. It will also 
be noted that calculations of the spherical spreading 
loss give a quick, approximate estimate of the mini- 
mum loss that may be expected in the majority of 
propagation problems over the sea. 

Conditions near the earth’s surface are such that 
sound devices do not reach the ranges which might 
be expected from considerations of the energies in 
their outputs. It is natural to speculate upon the 
possibility that existing limitations could be re- 
moved and that longer ranges could be obtained. 
Evidently, the possibility does exist, and the specu- 
lation is not idle. Extremely long range sound sig- 
nals have been observed in studies of what have 
been called abnormal sound waves. These are the 
waves, produced in all recorded instances by large 
explosions, which have traveled to the increasing 
temperature region of the high stratosphere and 
from there have been refracted to the ground, i.e., 
these waves have traveled through regions which 
are more homogeneous than those near the earth’s 
surface. Figure 9 gives an example of the ranges 
which occur. One cannot help but wonder whether 
either warning or communication devices could be 
devised which would use these waves. There is one 
great drawback, however; abnormal waves are in- 
frasonic. Nevertheless, it does seem possible that re- 
search could produce a suitable, economical device 
which would allow mariners to benefit from the 
long ranges typical of the low and very low fre- 
quency sounds. 


FOOTNOTES AND REFERENCES 


‘Some confusion has arisen regarding the meaning of this 
term. Since the root mean square of the sound pressure 
variations may, in practice, vary from at least .001 dynes/ 
cm’ to 20,000 dynes/cm’, it is more convenient to express 
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them in a contracted logarithmic form. The unit used for 
this purpose is the decibel. The sound pressure level, in 
decibels, is given by: 
P 
20 log 10 P, 
where 
P= the pressure in question 
P, =a reference pressure 


For sound in air and water, the reference pressure usually 
used is .0002 dynes/cm*. A source of confusion lies in the 
fact that 1 dyne/cm* has in the past been used as the refer- 
ence pressure for underwater sound. It is important that the 
reference level always be stated. In this paper .0002 dynes/ 
cm’ is the reference. 

* Delsasso and Leonard, “Attenuation of Sound in the At- 
mosphere,” AF Contract W-28-099, AC-228. February 25, 
1953. 

* Knudsen, V. O., “Absorption of Sound in Gases,” Journal 
Acoustical Society of America No. 7, page 199 (1934). 

‘Hubbard, “Influence of Atmospheric Conditions on the 
Audibility of Fog Signals,” Journal Acoustical Society of 
America No. 3, page 11 (1931-32). 

*A unit used to define the loudness of a complex sound 
in terms of sound pressure level is the phon. This loudness 
level, a measure of subjective sensation, is defined as the 
sound pressure level of a complex sound which is judged 
by listeners to be equivalent in loudness to a pure tone of 
1000 cycles per second. At 1000 cps a loudness level in phons 
is numerically equal to the sound pressure level in decibels. 
The loudness level relative to the sound pressure level 
varies with amplitude as well as frequency. Many acoustic 
references include graphs which allow one to convert loud- 
ness levels in phons back to sound pressures in db referred 
to .0002 dynes/cm*. See Randall, “An Introduction to Acous- 
tics,” Addison-Wesley Press, Inc., Cambridge, Mass., 1951, 
page 215. 
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BACKGROUND 


The Naval Research Laboratory Nuclear Reactor 
(Figure 1) and its associated facilities for research 
were designed to meet the needs of a wide variety 
of investigations in the physical sciences. Its princi- 
pal function is to provide a powerful source of neu- 
trons, required in many aspects of the Laboratory’s 
research programs in such fields as nuclear physics, 
solid state physics, metallurgy, chemistry, mechanics, 
electronics, and reactor technology. 

Initial planning began late in 1952. In the summer 
of 1954 the Congress appropriated $996,000 for con- 
struction, which was begun in mid-1955. The reactor 
was brought critical for the first time on September 
17, 1956. 

Pursuant to a stipulation of the Congress when it 
authorized construction of the NRL Reactor, the in- 
stallation was built and is operated under license 
from the U. S. Atomic Energy Commission in accord- 
ance with provisions of the Atomic Energy Act of 
1954. The men who operate the controls of the reactor 
are individually licensed by the A.E.C, as operators. 


UTILIZATION FOR RESEARCH 


Neutrons—small sub-atomic particles or fragments 
of matter which are given off when the reactor is op- 
erated—are extremely useful in numerous investiga- 
tions. They may be used to study the structure of 
matter, including such practical applications as the 
structure of new alloys. They may be used to create 
new substances; to make chemicals radioactive for 
direct study, or after radioactive decay for study of 
the new decay products; and to produce chemical 
changes and biological changes. 

In addition, the NRL reactor is suitable for inves- 
tigating many problems arising in connection with 
the design and operation of nuclear reactors whose 


heat is used to propel ships or other vehicles or to 


drive electrical generators. 


DESIGN AND OPERATION 


The pool type reactor design was chosen because 
of its flexibility for research and its inherent safety 
characteristics. Reactors of this general type have 
been operated safely at other locations for several 
years. 

The pool is located approximately in the center of 
a structure 60 ft wide and 210 ft long (Figure 2). At 
each end of the building are located laboratories and 
offices, as well as a large “hot lab” where work can 
be done by remote control on highly radioactive ma- 
terials, and a shielded room for accurate measure- 
ment of radioactive materials. The pool is 40 ft long, 
26 ft wide, and 20% ft. deep. One end of the pool con- 
sists of a heavy concrete radiation shield with a 
number of openings or “beam ports” in it providing 
access to neutrons. 

The fissionable material in which the nuclear chain 
reaction or “burning” occurs is uranium 235. It is 
contained in fuel assemblies which are suspended in 
the water on an aluminum framework mounted at 
the middle of a movable platform or bridge which 
spans the pool. The array of fuel assemblies is called 
the “core” of the reactor (Figures 3 and 4). The 
bridge rides on rails making it possible to locate the 
core at any point on the center line of the pool. 

The water serves three purposes in this type of 
reactor. First, it slows down the fast-moving neutrons 
(average speed about 10,000 miles per second) which 
are released when a uranium 235 atom splits in half 
or “fissions”. The slower-moving thermal neutrons 
‘(average speed about one mile per second) are more 
reactive with other uranium 235 atoms, causing them 
to split and yield additional neutrons; thus the pres- 
ence of the water reduces the amount of uranium 235 
necessary to sustain a nuclear chain reaction. Sec- 
ond, the water serves as a coolant to remove the heat 
formed in the uranium by the reaction, and, finally, 
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Figure 1. One end of the pool terminates in a special radiation shield of lead, concrete and other materials. A number of open- 


ings or beam ports penetrate this shield permitting neutrons from the core to emerge under controlled conditions for use in 


physics research. 


it is a radiation shield which protects personnel from 
the harmful neutrons and gamma rays generated in 
the uranium fuel. The gamma radiation from the core 
after 8 hours operation at 100 kilowatts is roughly 
equivalent to that from a ton of radium. 

The first several months of operation of the re- 
actor were devoted to a series of tests and calibra- 
tions at low power levels. The entire control system 
was given thorough testing. The control and safety 
rods and various instruments were calibrated. The 
minimum amounts or “critical masses” of uranium 
235 required for operation in different positions in 
the pool and for various core loading configurations 
were determined, and a number of other operating 
characteristics of the reactor were measured. The re- 
actor was formally opened for research on January 
15, 1957. 

FUEL ELEMENTS AND REACTOR CORE 
The uranium fuel of the NRL reactor has been en- 


riched to 90% uranium 235, the remainder being. 


uranium 238. The basic fuel unit is a plate 60 thou- 
sandths of an inch (about 1/16 inch) thick. Each plate 
is in reality a sandwich; the center 20 thousandths is 
uranium-aluminum alloy, and a layer of aluminum 
cladding 20 thousandths inch thick is bonded to each 
side. The cladding seals in the radioactive product ele- 
ments formed by the splitting of uranium 235 atoms, 
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preventing the former from contaminating the pool 
and air. A fuel assembly consists of 18 of these plates 
spaced about 1/9 inch apart, and contains a total of 
140 grams (about 5 ounces) of uranium 235. Each 
assembly is open at top and bottom. Water flows up 
through the assembly by convection, passing between 
the fuel plates and removing the heat formed during 
operation. 

If the reactor were operated regularly for 40 hours 
per week at a power level of 100 kilowatts, a set of 
fuel elements containing about 11 pounds of U-235 
would last for approximately 40 years. At the end 
of that time only about 10 per cent of the uranium 
would have been burned up; however, certain of the 
product elements of fission formed in the fuel plates 
absorb neutrons necessitating replacement of the 
fuel assemblies. The spent units will be shipped in 
lead containers to special fuel processing plants 
where the fuel plates will be dissolved in acid and 
the unburned uranium separated chemically and re- 
covered for further use. 

The useful life of the fuel assemblies is propor- 
tionately shortened by operating the reactor at higher 
power levels or for longer periods each week. 

In several special fuel assemblies half of the plates 
have been omitted to provide an open channel for 
insertion of control and safety rods (Figures 3 and 5). 
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Figure 2. The uranium core of the reactor is suspended in the pool from the center of the reactor bridge. 


«control or regulating rod of stainless steel is moved 
up and down in one of these channels to regulate the 
power of the reactor. Two or three other rods con- 
taining boron, a highly absorbing material for neu- 
trons, are inserted in other fuel assemblies in the 
core as a safety measure to provide for rapid quench- 
ing of the nuclear reaction if needed. These safety 
rods are also sometimes called shim rods, since by 
raising or lowering them slightly coarse adjustments 
are made in the power level. 

The core of the reactor consists of a group of fuel 
assemblies arranged side by side in a generally 
square array. As few as 17 or as many as 30 fuel 
assemblies may be required to sustain a chain reac- 
tion, the exact number depending on the configura- 
tion used and the materials immediately adjacent to 
the fuel in the pool. 


HOW THE NUCLEAR REACTION IS STARTED 
In starting the reactor, the safety rods are with- 
drawn from the core first and held in reserve for 
emergency shutdown, then the control rod is with- 
drawn far enough to permit the neutron chain fission 
reaction to become self-sustaining. 
The initial neutrons required to start the reaction 


are supplied by a “neutron source,” a small sealed 
capsule about the size of a thimble containing radio- 
active polonium and the element beryllium, This is 
located at the edge of the core adjacent to the fuel 
assemblies. 

As the reaction is started, the concentration ot neu- 
trons is measured by a fission chamber located ad- 
jacent to the fuel, and the information is displayed 
in the control room. When the neutron concentration 
or “flux” has increased somewhat, other detectors 
take over the measurement function and the sensi- 
tive fission chamber is withdrawn from the core. 
When the reaction becomes self-sustaining the neu- 
tron source is also withdrawn from the region of the 
fuel. 

The neutron flux is permitted to increase gradually 
until the desired operating power level has been 
reached, at which time the control rod is moved in 
slightly, then continuously adjusted either manually 
or automatically, to maintain that level. 

Each safety rod is coupled to its drive rod by an 
electromagnet. If an undesirable condition should de- 
velop, the current to the magnet is interrupted and 
the rod falls by gravity into the core, stopping the 
nuclear reaction. 
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Figure 3. Closeup of reactor core shows fuel assemblies 
(center) mounted on grid plate, which has 7 x 7 array of holes 
permitting variations in fuel arrangement to meet research 
requirements. Control rod is in center of fuel array, with two 
safety rods behind it. Slender tube at left contains movable 
neutron source for startup. Fuel assembly at right is mounted 
on elevator which runs up to water surface. Recess in shield 
and “rabbit” tube are visible in background. 


THE REACTOR CONTROL SYSTEM 

The eyes and ears of the control system are the 
radiation detectors located on each side of the core. 
The hands of the system are the safety and control 
rods. The remainder of the system consists of motors 
to drive the rods up and down, instruments to display 
and record the signals from the detectors, a control 
console, and a complex electrical and electronic sys- 
tem connecting these and including many interlock- 
ing features to provide maximum safety in operating 
the reactor. The control system was designed in its 
entirety by NRL scientists and was constructed and 
assembled in the special shops of the Laboratory. The 
detectors were designed and constructed at NRL, as 
was the control console. 

THE SHIELD 

The shield has several unique construction features 
(Figures 6 and 7). It was desirable to keep its thick- 
ness to a minimum so that the beam ports would be as 
short as possible in order to provide more intense 
neutron flux at the outer ends of the ports. Special 
concrete was used to reduce the shield thickness re- 
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Figure 4. The heart of the reactor is the uranium core 1o- 
cated in the pool at the bottom of the trusswork attached to 
the bridge. The cylinders on each side of the fuel are radia- 
tion detectors which measure the power level of the reactor. 
Except for the fuel units, the entire bridge and core assembly, 
including the detectors, was fabricated by the Laboratory. 


quired. The heavy aggregate on the side toward the 
core is barytes, a barium sulfate rock, barium being 
a strong neutron absorber, In sections of the shield 
behind the barytes portion, the heavy aggregate is 
iron ore and iron punchings, a good gamma ray 
shield. The aggregates were placed dry in the forms. 
A cement-water mixture was then pumped up 
through the mass in a single operation. 

In the center of the shield just behind the reactor 
core recess is a stack of graphite blocks called a 
thermal column, roughly 3% ft x 4 ft and 9% ft high. 
Graphite is a dense form of the element carbon, 
which is a good medium for slowing down neutrons 
to thermal velocities—somewhat better than water, 
in fact. Two openings near the top of this column pro- 
vide sources of thermal neutrons where these are re- 
quired in particular experiments. 

The seven beam ports which penetrate the concrete 
and carbon provide sources of fast or fission-energy 
neutrons. In addition to these openings there is a 
“through-hole” passing alongside the core, which is 
convenient for certain types of experiments. These 
holes penetrate the graphite blocks at various angles. 
The blocks in this region of the thermal column were 
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Figure 5. A single fuel plate (A) is essentially a thin alumi- 
num sandwich containing 8 grams, about 4 oz. of uranium 
235 in a layer through the center. 

A fuel assembly (B) is made up of 18 plates spaced a small 
distance apart to permit water to flow between them for cool- 
ing and neutron moderation. It contains 140 grams, or about 
5 oz. of uranium 235. 

In several special fuel assemblies (C) 9 of the center plates 
have been replaced by an open channel in which the neutron- 
absorbing control or safety rods are inserted. 

Movement of the stainless steel control rod (D) un or down 
in the array of elements comprising the core controls the 
nuclear reaction. 


fastened in a jig and the holes bored through the en- 
tire assembly on a large boring mill in the NRL 
shops. 

The graphite region extends out on each side of the 
core recess or niche. The graphite immediately sur- 
rounding the core is sometimes called the “reflector” 
because many of the neutrons which are slowed down 
in this region diffuse back into the core. When the 
core is in the niche it is graphite-reflected on three 
sides and water-reflected on the remaining three sur- 
faces. Since graphite is a better reflector than water, 
less fuel is required to constitute a critical mass in 
the niche than out in the pool. Because the neutron 


density for a given power is greater around a smaller 
core, this arrangement also increases the available 
neutron flux at the ends of the beam ports. 

The water barrier in front of the graphite and the 
beam ports is a sheet of aluminum half an inch thick, 
which is essentially transparent to neutrons and 
gamma rays, The edges of this aluminum skin are 
recessed in the concrete. The recessed portion is 
coated with zinc to prevent corrosion of the alumi- 
num by the concrete. 

The aluminum skin has up to 20 feet of water head 
against it, requiring that it be strengthened from be- 
hind to withstand the pressure at this depth. The use 
of metal reinforcing plates would have replaced gra- 
phite where it was most needed close to the core as a 
reflector. Tests of the graphite bars showed that they 
had more than enough strength to be used also for 
mechanical reinforcement, and a row of them is 
bolted to the back of the aluminum plate to prevent 
it from buckling. 

THE “RABBITS” 


A special facility available for the irradiation of 
small quantities of materials is a system of pneumatic 
tubes in which small carriers called “rabbits” may be 
moved quickly by compressed air. Two rabbit termi- 
nals are provided near the core in the niche position. 
Depending upon research requirements, samples may 
be irradiated here for a few seconds if desired, or for 
longer times. The containers may then be returned 
to lead-walled receiving boxes outside the shield or 
directly to remote receivers near the laboratories in 
the facility. 

THE POOL 

High purity water is used in the pool to minimize 
corrosion of the thin aluminum cladding on the fuel 
elements. City water is further purified by passing 
it through a special treatment plant in the reactor 
building. 

The pool may be divided in half by positioning a 
movable water gate across its center, making it pcs- 
sible to drain half the pool while the reactor is being 
operated, or the radioactive core is stored, in the 
other half. This increases flexibility of operation. The 
half of the pool farthest from the shield may be used 
for investigations aimed at improving methods of 

calculating radiation shielding requirements, opti- 
mizing shield arrangements and materials, etc. It may 
also be used as a gamma ray irradiation facility using 
radioactive fuel elements as a gamma source. 

The pool, which holds 150,000 gallons, drains to an 
underground tank of 170,000 gallon capacity. Con- 
tents of this holdup tank are carefully analyzed by 
health physicists to assure that any radioactive ma- 
terials are below tolerance levels prescribed by the 
AEC before discharge to the Potomac River. 


THE HIGH RADIATION LABORATORY OR HOT CELL 
A room heavily shielded by concrete called a “hot 
cell” adjoins the pool at the end opposite the shield. 
Any of a number of metallurgical, chemical, or me- 
chanical operations can be conducted on highly radio- 
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Figure 6. Horizontal cross section through the shield shows location of beam ports and graphite thermal column. 


active specimens in the kilocurie range in this room 
by scientists working with special manipulators from 
an adjoining room. Objects made radioactive by su- 
spending them close to the reactor core in the pool 
may be transferred directly into the hot cell through 
one of three underwater transfer chambers. 

The cell is equipped with three special windows 
each three feet thick for direct viewing of operations. 
Each of these consists of two sheets of one-inch thick 
plate glass with the intervening space filled with a 
saturated solution of zinc bromide, a dense liquid 
with good optical properties and an excellent shield 
against radiation. In front of each window is a pair 
of master-slave hand manipulators, and the cell also 
has a heavy duty powered manipulator operated 
electrically from a console. 


OTHER SPECIAL-PURPOSE LABORATORIES 
The facility includes a shielded room approxi- 
mately 12 x 30 ft used for measuring or “counting” 
the radioactivity in samples which have been exposed 
in the reactor. The walls and roof of this room are 
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of two-foot thick concrete to reduce background 
radiation which would interfere with accurate meas- 
urements. 

A laboratory for film development work also has 
been provided. 


THE BUILDING 


The reactor facility was constructed in a portion 
of an existing building on the grounds of the Labora- 
tory to conserve space and reduce construction costs. 

In the remote event that the interior of the building 
might be contaminated with radioactive materials, 
the entire building may be sealed. All of the exterior 
walls are sealed with a layer of aluminum foil in- 
stalled behind the plaster, all exterior doors are a 
heavy, refrigerator type with gaskets, and all the 
ventilation ducts may be closed instantly by a cen- 
tral control unit. The roof is of concrete slab con- 
struction covered with tar. 

The building has no exterior windows for reason 
of containment. A high light level and a variety of 
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Figure 7. Vertical cross section through shield, reactor core and bridge. 
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colors have been provided in the building to reduce 
personnel fatigue. The interior color scheme was 
planned by color specialists from the Navy Bureau 
of Yards and Docks. 


SPECIFICATIONS 
Materials 


Fuel—Uranium enriched to 90% U-235, as U-Al alloy, 
in TSF type assemblies 

Critical mass in pool—approximately 3400 grams 

Critical mass in shield position— approximately 2700 
grams 

Total inventory— 5000 grams 

Fuel cladding —0.020 in. aluminum 

Moderator —Water—0.117 in. film 


Reflector —Water, or water and graphite 
Coolant —Water—0.117 in. film 
Shielding 


In pool—Water 
In shield position— graphite, boral, lead, and barytes 
concrete 
Pool 

Dimensions—26 ft x 40 ft x 20% ft deep 

Capacity —150,000 gallons 

Water —conductivity 0.15 micromhos; supplied by 
mixed bed ion exchange unit, output 30 gal/min 


Core Dimensions 
Up to 21 in. x 21 in. x 24 in. high 


Cooling 
Water, natural convection 


Operating Conditions 
Power rating—1000 KW (initial operation at 100 KW) 
Heat flux max. at 100 KW—1000 BTU/hr ft? 
Average power density at 100 KW—1.1 KW/liter 
Average specific power at 100 KW—30 KW/kg of U-235 


Controls 


Regulator— one stainless steel vertical rod 
Safety /shim— three boron-lead vertical rods 
Reactivity change at 100 KW—0.08 


Neutron Flux at Core Surface at 100 KW 
Average fast —3.5 x 10"! n/cm? sec 
Average epithermal—5 x 10"! n/cm? sec 
Maximum thermal —1.3 x 10'? n/cm? sec 


Experimental Facilities 
6 round beam ports, 6 in. diameter 
1 rectangular beam port, 10 in. x 12 in. 
1 square tangential through-hole, 4 in. x 4 in. 
1 thermal column, 314 ft x 4 ft x 9% ft 
2 pneumatic rabbits 


Observations and studies conducted by the Woods Hole Oceanographic 
Institution indicate the existence of a thermally driven deep current flow- 


ing to the south under the Gulf Stream. The exploration of this current is 


being conducted by the use of an electronic signalling device encased in 
an aluminum pipe which can be made neutrally buoyant and tracked at 


the desired depth. Confirmation of this current will add substantially to 


knowledge of the ocean's circulation. 
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SAFETY MEASURES FOR NUCLEAR SHIPS 


is a graduate of the U. S. Coast Guard Academy in 1940, served on various 
Coast Guard vessels during World War II, and later (for seven years) as a 
safety inspector of merchant ships. Subsequent thereto he has specialized in 
engineering research and technical writing in the electronic, nuclear, and 
guided missile fields. He holds a Master of Science Degree in Nuclear Engi- 
neering from the University of California. Mr. Crouch is presently employed 
as a nuclear engineer in the Research Division of the Marquardt Aircraft Co., 
Van Nuys, California. 


| en to various public releases, there are 
either under construction or on order, a total of 19 
Navy nuclear ships* . . . and two Merchant nuclear 
ships. Completion dates are anticipated in the early 
1960’s. By that time, large-fleet philosophies of safe- 
ty will emerge from the nuclear concepts of today. 
More nuclear ships mean more nuclear reactors, 
more humans... and more likelihood of acci- 
dents. 

Should there ever be a major nuclear ship acci- 
dent involving the uncontrolled release of radio- 
contaminants—in harbors or offshore, in this coun- 
try or abroad—there would follow very stringent 
safety regulation indeed. The result could retro- 
grade nuclear ship progress as much as 10 years. 
The severity of restraint (nationally and interna- 
tionally) would be felt equally by naval men-of-war 
or merchant ships-of-trade. 

Rather than waiting to impose safety measures as 
the need arises, it would appear advantageous to 
commence some of the broad technical planning 
now. As a guide toward this end, the following dis- 
cussion is presented. 


INITIAL PLANT LAYOUT 


Any new ship propulsion plant requires system- 
atic layout in terms of the purpose it is to serve and 
the hazards it is likely to present. Nuclear power is 
a prime example. To utilize this power safely, it is 
desirable to divide the overall plant into its radio- 
active and non-radioactive portions. In other words, 
a two-plant layout would be involved, namely: one 
for the reactor and one for the turbines. This 


” See p. R7, March, 1957 issue of Nucleonics Magazine (McGraw- 
Hill). 
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would isolate the turbine plant (steam or gas) from 
the reactor and thereby would eliminate the possi- 
bility of radioactive contamination in the turbines 
and associated auxiliaries. Thus, conventional en- 
gine-room operating and maintenance procedures 
could be continued without the necessity for special 
precautions. This isolate-the-hazard technique is a 
well established principle in shipboard fire-fighting 
and damage control. 

Within the reactor portion of the propulsion 
plant, several radiological safety features might be 
considered. Foremost is the matter of biological 
shielding. Here, it is possible to strategically zone 
the levels of tolerable radiation so that routine 
maintenance of reactor auxiliaries and emergency 
access to reactor controls could be achieved. For 
this purpose, special radiation-tight quick-opening 
doors would be required. The thickness of doors 
would vary in accordance with the time duration of 
the radiation zones, for example, two-hour zones, 
half-hour zones, emergency zones, etc. In addition 
to the practical effect of such zone-shielding, psy- 
chological advantages would accrue. Reactor per- 
sonnel would become expertly cognizant of the ac- 
ceptable standards of radiation safety. 

The safe radiation exposure that can be tolerated 
by a human throughout his working lifetime (i.e., 
40 years) is 600 roentgen.* This is the tolerance 
established by the International Commission on 
Radiological Protection. Based on a 40-hr. week, 
this tolerance is the accumulation equivalent of 7.5 
mr./hr. . . . every 8 hrs. of every day. Or, if ex- 

* The unit of biological radiation dose is the roentgen (r). The 
roentgen is a rather large unit, so the miliroentgen (1 mr=10-‘r) 
is commonly used. The integrated product of the dose rate (r/hr. 


or mr/hr.) and the exposure time (sec., min., or hr.) gives the total 
dose received. 


A.S.N.E. Journal, August 1957 565 


‘ 
‘ 
. 


SAFETY MEASURES FOR NUCLEAR SHIPS 


CROUCH 


perienced in a 4-hr. watch, the daily tolerance is 
equivalent physically to a dose rate of 8 r/hr. for 
one minute. An accumulation of three times this 
rate (i., ~ 25 r) would produce no detectable 
clinical effects.* Hence, higher-than-standard radia- 
tion levels can be permitted for short periods of 
time . . . with safety. It would be desirable to take 
advantage of this fact. 

A major radiological safety consideration is that 
of “core containment.” In the improbable event of 
reactor meltdown, there would be no explosion, 
noise, or fire of any kind.+ It would be detected 
primarily by radiation instruments and a large in- 
stantaneous temperature rise. The reactor there- 
after automatically would shut down on its own, 
accompanied by the release of large volumes of 
radioactive gases and molten fission products. To 
contain these contaminants, a special pressure ves- 
sel (safety tank) around the core would be re- 
quired. This would dictate that automatic quick- 
closing valves shut off the normal coolant flow and 
switch to an auxiliary cooling system to dissipate 
the heat of the molten core. 


FUEL ELEMENT DESIGN 


The most probable mishap in a reactor plant is 
the failure of one or more of its fuel elements. This 
is analogous to the development of leaks, ruptures, 
and bowed tubes in a conventional water tube 
boiler. The consequences are not major but they 
are an operating inevitability. 

There are somewhere between 100 and 1000 fuel 
elements in a reactor, depending on its design and 
power rating. These elements consist of nuclear fuel 
in the form of thin plates, pins, rods, pellets, etc. A 
coolant material (i.e., water, liquid metal, or gas) 
flows adjacent to each fuel element to remove the 
fission heat generated therein. Fuel elements are 
designed to very close dimensions, so that the oc- 
currence of any hot spots in the fuel material, or 
any obstruction of coolant passages, readily causes 
a failure. Many failures are the result of the capri- 
cious nature of uranium itself. 

Between any ambient temperature and its melt- 
ing point (2070° F), uranium undergoes three dif- 
ferent crystalline changes, designated as alpha, beta, 
and gamma. The stability range of alpha-uranium 
extends to about 1225° F. Thereafter, it goes 
through an alpha-to-beta transition and its metallic 
crystals change abruptly from an orthorhombic 
structure (three unequal axes) to a tetragonal 
structure (two unequal axes). In the process, one 
cell dimension increases almost four-fold, a second 
increases about 10%, and a third dimension disap- 
pears. The accompanying volumetric distortion is 
extensive, and the beta crystals are hard and brittle. 
The result: cracks, ruptures, and bows develop in 
the fuel elements. If the fuel is alloyed with other 

*25 r compares with the radiation dose one gets from a dental 
X-ray or fluoroscopic examination. 
+See “A Letter on EBR-1 Fuel Meltdown” by W. H. Zinn (Direc- 


tor of Argonne National Laboratory) in June, 1956 issue of 
Nucleonics magazine. 
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metals, phase transition problems can be improved 
somewhat. Nevertheless, for each type of nuclear 
fuel there exists a maximum temperature to which 
it can be used safely. Under the circumstances, it 
would be sound practice to establish regulatory 
temperature limits for nuclear fuels . . . analogous 
to maximum working pressures on conventional 
boilers. 

For each gram of nuclear fuel that is fissioned, 
there results an equal weight of highly radioactive 
fission products. For obvious reasons, these fission 
products must not emerge into the coolant stream 
where they can be carried out of the reactor core. 
To prevent this, the fuel elements are cladded in a 
container material, comparable in principle to core 
containment mentioned previously (except on a 
much smaller physical scale). Consequently, safety 
standards and specifications for cladding materials, 
including fabrication and leak testing procedures, 
could be established. 

Because of the great number of fuel elements in 
a reactor, they usually are grouped into bundles. 
For nuclear plants ashore, these bundles are low- 
ered into place with no undue concern for their in- 
service disarrangement. On shipboard, however, 
new hazards are introduced by normal vibrations 
and poundings at sea. A nuclear ship rising up on 
one wave and slamming down on the next would 
only too readily loosen its fuel elements. The sub- 
sequent disarrangement would set up restrictions 
to the flow of coolant, thus producing rapid failures. 
To prevent this, a positive locking arrangement 
could be provided. Not to be overlooked, however, 
is a means of quick unlocking when it comes time 
to remove the fuel elements for refueling. 


STARTUP AND CONTROL 

Once a reactor has been safely fueled, safety at- 
tention turns to the longer term aspects of reactor 
startup and its operational control. This is done by 
means of mechanical rods which move in and out 
of the reactor core to absorb those neutrons which 
are generated in excess of the power level desired. 
Safety problems arise from the fact that all fuel for 
the anticipated cycle of the reactor is “built in,” 
and therefore control rods control only the excess 
fuel in the core. 

The effectiveness of control rods in doing their 
job is contingent upon numerous factors, namely: 
(a) status of fuel depletion, (b) position of inser- 
tion in the core, (c) mutual shadowing from other 
control rods, (d) status of absorber depletion, and 
(e) the actuating servomechanisms used. All of 
these factors introduce non-linearities into the con- 
trol rods which means that one is never sure from 
one control rod position to the next, just what the 
reactor response wil] be. On shipboard particularly, 
this means that manual control is out of the ques- 
tion. To offset the risks involved, foolproof, fail-safe, 
and absolutely reliable automatic control systems 
must be devised. Detailed safety standards and spe- 
cifications could be promulgated toward this end. 
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The heat power produced by a reactor is directly 
proportional to the average thermal neutron flux in 
its core. The rate of change of this flux level is a 
very delicate phenomenon. Mathematically, it fol- 
lows the relationship 


= Po e 
where ¢, is the flux at time t, ¢, is the flux at time 
zero, and T is the reactor period (i.e., the time for 
the reactor to change its flux level by a factor 
e = 2.716). If T, for example, were set at 15 sec.* 
the reactor could start up from a zero power level 
at criticality (say, ¢ = 1) and reach full power 
(say, ¢, = 10"*) in about 8 minutes! This is too fast 
for structural safety. The resulting thermal stresses 
would warp or crack the containment vessel, burn 
out the fuel elements, and do damage to thermo- 
couples and other fittings inside the core. Nor would 
the coolant be able to remove the fission heat fast 
enough. Obviously, a program of reactor preheating 
and gradual warmup would be needed, much the 
same as carried out in a conventional boiler plant. 

Once a reactor has been started up from its clean- 
cold condition, there would be no need to shut it 
down to zero flux each time a ship arrived in port. 
In fact, there would be disadvantages in doing so. 
Foremost, there is the phenomenon of xenon poison 
buildup. Xenon, one of the many after-products of 
fission, acts as a “poison” because its neutron ab- 
sorptivity is 1000 times greater (per atom) than 
that of the control rods proper.t After shutdown, 
this poison builds up to peak values, due to the 
natural decay of fission products. The consequence 
is that the reactor cannot be started up again with 
the same control rod positions that prevailed at 
time of shutdown. Extra rod withdrawal to override 
the poison is required. Once overridden, the poison 
burns out quickly and the control rods must be re- 
regulated with precision . . . to avert reactor run- 
away. 

Shutting a reactor down completely imposes un- 
necessary risk. Instead, the reactor flux need only 
be reduced to 10-* (one ten-thousandth) of its full 
power, at which level no useful propulsion power 
could be generated. The advantage is that the re- 
sidual “simmer flux” (ie., 10°° if 10'* were full 
power) would burn out the xenon poison and keep 
the reactor warm and ready, so that frequent safe 
restartups could be made. 


OVERBOARD WASTE DISPOSAL 


Once a reactor plant has achieved normal opera- 
tion, there would be those unending daily tasks of 
routine maintenance, cleanup, repair, overhaul, etc. 
Much of this work would take place within various 
zones of radiation shielding and would involve the 
collection and accumulation of low-level radioactive 
wastes. There would be those inevitable leaks in the 


Its thermal neutron (microscopic) cross section is 3,300 barns com- 
pared to the cross section of 3,200,000 barns for xenon. 


reactor coolant piping, flanges, fittings, and joints. 
Radioactive particulates such as corrosion and dust 
would appear at pumps, heat exchangers, coolers, 
actuators, etc. Filters in ventilating, cooling, lube oil 
and other auxiliary systems would collect radioac- 
tive residues and would require changing. Tools, 
gloves, and cleaning rags would become contami- 
nated. All of these radioactive accumulations (con- 
sisting of solids, liquids, and gases) are perfectly 
normal operating occurrences; they happen every 
day at such atomic plants as Hanford, Oak Ridge, 
Chalk River (Canada), etc. They do not pose any 
major hazard. 

However, there is one basic precaution: radio- 
active wastes and residues must not be dumped or 
pumped overboard at random. Instead, a systematic 
arrangement of collection tanks would be required 
aboard ship. Dry wastes would be collected in one 
tank, liquid wastes in another, and gaseous wastes 
in still another. There would need to be some means 
of concentrating and decontaminating these wastes, 
and means for holding them in storage (behind 
shielding) until they could be disposed of safely at 
sea. 

The responsibility for disposal of radioactive 
wastes would rest with the Commanding Officer (if 
a Navy ship) or Master (if a Merchant ship). This 
responsibility would be analogous to that under the 
Oil Pollution Laws whereby the ship must be be- 
yond a minimum specified distance offshore before 
pumping slop oil overboard. In the case of radio- 
active wastes, a suggested minimum distance is 50 
miles. Every disposal event would be recorded in 
the ship’s official log. 

In preparation for disposal, special equipment 
would be required. Solid wastes would be collected, 
compacted and permanently sealed in concrete 
drums with positive locking devices. Liquid wastes 
would be discharged through underwater high pres- 
sure pumps and valves discharging aft (to minimize 
radioactive contact with the ship’s hull). Gaseous 
wastes would be discharged from the highest point 
possible—preferably the masthead. A steam ejector 
or other exhauster system would be required to 
purge the mastlines of all radioactive gases, and to 
jet the exhaust stream clear of the ship. This pro- 
cedure would be comparable to blowing boiler tubes 
on an oil-fired ship. All disposal equipment falls 
within the province of safety measures to protect 
the crew and the public against the non-vigilant re- 
lease of radio-contaminants. 


RADIATION MONITORING 

As further protection to the ship’s crew and to 
the public, including the reactor plant itself, radia- 
tion monitoring equipment would be required. The 
purpose of this equipment would be to immediately 
detect radiation leaks, measure excess exposure tol- 
erances, and report the same either in the form of 
an audible alarm or permanent record, or both. The 
state of radiation monitoring art is so well advanced 
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ashore that marine safety effort need only be de- 
voted to modification and adaptation of existing in- 
strumentation to shipboard environments. 

Those instruments monitoring the reactor plant 
would provide information primarily to the engine- 
room and reactor maintenance personnel, Radiation 
detector heads would be located to report fuel ele- 
ment failures and to report leaks in coolant piping, 
heat exchangers, biological shielding, etc. All detec- 
tors (i.e., those permanently installed) could be 
cabled to a central tell-tale panel and buzzer system 
in the engine-room, to call attention of on-watch 
personnel to the radiation circumstances at hand. 
This would be comparable to salinity indicators, 
high temperature and low-flow alarms now central- 
ized in the engine-rooms of modern ships. 

General monitoring equipment protecting the 
crew would be comparable in operation and func- 
tion to conventional automatic fire detection and 
alarm systems aboard ship. In this case, the central 
control station could be on the navigating bridge. 
Detector heads would be located at key points 
throughout the ship—particularly in the ventilating, 
drinking water, and sanitary systems. Special loca- 
tions might be considered where radiation could fol- 
low a structural frame, fire main, or hull plating 
and then emerge into crew areas. The same radia- 
tion tolerances used ashore could be put into effect 
on shipboard. As an example, the acceptable drink- 
ing water tolerance for beta and gamma activity is 
6Xx10-* the corresponding tolerance for 
breathing air is 6X10-*° ne/ce.* In other words, a 
mariner could safely drink about 10,000 time more 
radioactivity than that which he could breathe! 

Radiation detectors also would be located in all 
effluent systems that discharged continuously into 
the air or water surrounding a nuclear ship. In this 
case, a permanent record of all monitor readings 
would be kept as legal evidence in the event of 
third-party claims of radiation damage. Undoubt- 
edly, very detailed administrative procedures would 
be worked out for this purpose. 

EMERGENCY SHUTDOWN 

Under the safest possible conditions, there may 
arise—sooner or later—some unforeseen circum- 
stance to require the emergency shutdown of a 
ship’s reactor. There may be collision between a 
nuclear ship and a non-nuclear one; heavy fog and 
faulty navigation may cause grounding; control 
rods may jam or maximum temperature control de- 
vices may fail; or there may be torpedoing, bomb- 
ing, or other forms of enemy action. These are 
emergency situations requiring instantaneous shut- 
down of the reactor to safeguard it against the po- 
tential release of large quantities of radio-contami- 
nants. These situations would fall into two classifi- 
cations of safety, namely: (a) scram control and 
(b) abandon ship. 

*1 c/ec=one microcurie per cubic centimeter = 2.22 x 10° 
radioactive disintegrations per minute per liter sample of water or 
air. See paper No. 57-34, “Health Physics Instrumentation for a 


Power Reactor,” G. H. Whipple, 2nd Nuclear Engineering and Sci- 
ence Conference, March, 1957, Philadelphia, Pa. 
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Scram control involves the overriding of all auto- 
matic control features by inserting large-rod 
absorptivities into the reactor core to sharply cur- 
tail its neutron flux. This “scram” (as it is called) 
induces immediate reduction of the flux level to 
zero, though reactor heat continues to be generated 
for some time afterward.* From the safety view- 
point, the scram actuator mechanisms constitute 
dominant concern. They must be absolutely reliable 
under all conditions. Present actuators consist of 
mechanical tripping devices, gravity magnetic re- 
leases, spring loaded drives, powered piston mech- 
anisms, etc. Early effort is needed to standardize on 
a universal type of actuator ... with a specified 
maximum time-delay of response. A suggested re- 
sponse time is less than 50 milliseconds. 

To produce reactor scram, “scram buttons” could 
be located on the navigating bridge and in the 
engine-room, and could be tied in to the General 
Alarm. In addition, scram control automatically 
could sound a special ship’s danger signal (for ra- 
diation danger!) to warn other ships in the vicinity 
to stand clear. Simultaneously, if the event occurred 
in a harbor, the radiation danger signal would alert 
fireboats, tugs and other emergency craft to pro- 
ceed to the scene and prepare to tow the nuclear 
ship out to sea, or tow it to remote anchorage. 

The occasions for abandoning a nuclear ship 
would be identical with those for any conventional 
ship. The ship may be in a sinking condition at sea, 
it may be breaking in two on coastal rocks, or it 
may be gutted by explosion and fire in a safe har- 
bor. Should the order to “Abandon Ship!” be given, 
there would be one remaining nuclear safety mea- 
sure. It would be necessary to completely poison 
the reactor by the release of great quantities of neu- 
tron absorbers through special tubes, vials or other 
flood-release devices. This destructive action would 
assure that the reactor would never again generate 
new fission products. This assumes, of course, that 
the then-existing radio-contaminants would be per- 
manently contained within the core safety tank 
(mentioned earlier) . 


CONCLUSION 

This discussion by no means covers a complete 
program of safety measures for nuclear ships. Many 
facets of reactor core design, fuel element fabrica- 
tion, automatic control devices, radiation shielding 
zones, etc., remain to be defined in a marine en- 
vironment before complete safety coverage can be 
previewed. Nevertheless, there is sufficient techni- 
cal information at hand to lay the foundation now 
for specific safety effort for large-fleet nuclear oper- 
ations. 


— heat generated after reactor shutdown follows the relation- 


P, = 0.0315 P,t-°-2 

where P, = heat power as a function of time t after shutdown; P, 
== heat power prior to shutdown; t= time after shutdown in sec- 
onds. For example, 10 hrs. after reactor shutdown, a 100 MW re- 
actor would continue to generate about 300 KW of heat. 

+See paper No. 57-17: “The Development of Universal Control 
Drive Mechanisms for Nuclear Reactors”; G. Roland & C. Hinrichs; 
2nd Nuclear Engineering and Science Conference, March, 1957, 
Philadelphia, Pa. 
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With but one exception, there already exists in 
conventional marine safety a precedent—a compar- 
able analogy—on which to base all nuclear ship 
safety measures. The exception: There must be no 
major disaster (as in the past) to preface the need 
for a particular safety measure. Barring all-out 
atomic war, every minor accident to a nuclear ship 
—be it a naval or merchant ship—would be scruti- 
nized with apprehension and alarm. Wherever it 
appears that similar accidents under less favorable 
circumstances could lead to the uncontrolled release 
of radioactivity, stringent regulation would follow. 
To avoid this, and at the same time to chart the 
proper balance between regulatory safety and nu- 
clear progress, it would appear that an overall na- 
tional nuclear ship safety program might be helpful. 
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; reciprocating steam engine has left a memory 
with sea-going engineers which is difficult to eradi- 
cate. Its absence of maintenance and its flexibility in 
operation gave the engine-room staff a peace of mind 
which is now somewhat disturbed by more modern 
engines. Shipowners, however, could not continue 
to bear the high fuel costs of this engine, which has 
consequently given place to the steam turbine and 
diesel engine. The dilemma posed by comparison of 
the two latter solutions, the fuel cost and the main- 
tenance cost, has not been solved, however, since 
shipowners often still hesitate between the two types 
of propulsion equipment for one and the same pro- 
gram. 

In terms of simplicity, free-piston gas generators 
approach the reciprocating steam engine, and the 
companies which have developed them have thought 
that after some years of development they would be 
able to satisfy the engine room staff, the engineers, 
and the shipowners. 

The first GS-34 gas generators to ieee the 
S.I.G.M.A. factories were delivered to Electricite de 
France in June 1951. The first naval vessel fitted with 
gas generators and gas turbines put to sea in April 
1952 and during subsequent months twenty identical 
minesweepers followed suit. The first two similarly- 
equipped merchant vessels, Cantenac and Merignac, 
went into service in February and August 1954, re- 
spectively. They have been at sea practically without 
interruption since that time. Stationary and locomo- 
tive applications have followed a parallel develop- 
ment and a total of 200,000 h.p. is in service or under 
construction. 

Shipbuilders, in common with shipowners, once 
having decided the broad lines of a project, usually 
seek propulsion equipment which will provide the 
greatest available space and weight for cargo and 
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passenger accommodation. We will therefore start by 
comparing the free-piston gas generator and gas tur- 
bine propulsion unit with other methods of propul- 
sion at present used. A parallel study is made of the 
overall space occupied by the engine installations for 
a range from 1,000 to 8,000 b.h.p. comprising.— 

(1) An in-line engine, 530 mm. bore, 800 mm. 
stroke, running at 214 r.p.m. with a number of 
cylinders varying between 4 for 3,240 b.h.p. 
and 10 for 8,100 b.h.p. 

(2) A high-speed V-engine, 400 mm. bore, 460 
stroke, running at 425 r.p.m., supercharged to 
60 per cent with number of cylinders varying 
from 10 for 2,500 b.h.p. to 24 for 6,000 b.h.p., 
with reduction gear reducing the speed to 300 
r.p.m. 

(3) The same high-speed V-engine, 400 mm. bore, 
460 mm. stroke, running at 520 r.p.m., super- 
charged to 75 per cent, with number of cylin- 
ders varying from 10 to 3,330 b.h.p. to 24 for 
8,000 b.h.p., with reduction gear reducing the 
speed to 300 r.p.m. 

(4) A propulsion set comprising a reduction gear, 
a gas turbine, and a number of free-piston gas 
generators varying from 1 for 1,000 h.p. to 8 for 
8,000 b.h.p. The volumes also take into ac- 
count the gas piping between gas generators 
and turbines. 

We have collected together the overall volumes oc- 
cupied by the various solutions and have shown them 
in the form of curves (Fig. 1) as a function of power 
developed. It should be observed that total volumes 
(with engine auxiliaries) are given. The actual space 
of an engine compartment for free-piston gas genera- 
tors and gas turbines is further reduced in relation 
to that occupied by a diesel engine because the con- 
nections between gas generators and turbines are 
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Figure 1. Space Requirements of Different Types of Pro- 
pulsion Equipment. 


pneumatic only and allow complete flexibility of lay- 
out in the engine compartment. Only the reduction 
gear unit must conform to the shaft. This unit is quite 
small (6 to 8 cu. m. for 8,000 h.p.). It can easily be 
accommodated in the extreme stern of a vessel, thus 
appreciably reducing the length of the propeller shaft. 
The pipes between the gas generators and the tur- 
bines can easily be run along the overhead of the 
compartment so that they do not interfere with the 
space available for the ship’s engineers. The space 
necessary for dismantling and for inspection are com- 
bined, due to the horizontal position of the gas gen- 
erator cylinder in a free-piston unit. In the case of 
diesel engines, additional height is required for lift- 
ing pistons and rods out of the cylinder block. The 
low height of free-piston gas generator and turbine 
sets makes it possible to utilize for accommodation, 
for example, the space occupied by the engine casing 
necessary for the majority of diesel engines. 


WEIGHT 

Curves setting out the weight per h.p. in relation 
to the power, for the same engines are shown in Fig. 
2. These employ, as a reference unit, the GS-34 gas 
generator, the type of construction of which is simi- 
lar to that of slow-speed diesel engines. Much more 
compact gas generators are in the course of develop- 
ment. 

The small weight and flexibility of installation of 
the gas generators, and the small space occupied by 
the turbo-reduction gear unit, make it possible in 
all cases to locate the engine room right aft, in order 
to free completely the center of the vessel, which is 


thus available for the cargo or equipment. For very 
specialized vessels (mail boats, ferries) the low 
height of the engine compartment renders it possible 
to provide particularly well-adapted installations. 


TURBINES 

The space and cost of the turbines vary approxi- 
mately as the square root of their power. The single 
turbine is therefore the least costly. The rotational 
speed of a turbine diminishes as the power increases, 
and the reduction gear ratio to be introduced between 
the turbines and the propeller shaft is lower. 

The use of two turbines makes it possible to divide 
the propulsion unit into two parts and to operate on 
half power with the optimum rating of the gas gen- 
erators. The reduction gear is symmetrical and com- 
prises two primary shafts for one secondary shaft, 
the classic arrangement on steam turbine installa- 
tions. The intake elements have smaller dimensions 
but this would also be the case for a single turbine 
with several intakes, a solution commonly employed 
on turbo-blowers for supercharging. 

Reliability is improved, but this factor is of little 
account when the 16,000 running hours of the Met- 
laoui power station turbine, the 8,000 running hours 
and the 6,000 running hours of the turbines in Can- 
tenac and Merignac, without any trouble, are borne 
in mind. Turbines supplied with gas from gas gen- 
erators are at least as reliable as steam turbines 
which are subjected to temperatures of the same 
order and to pressure of a much higher level. 

The design of the gas piping gives rise to the classic 
problems of expansion. Their conception can have 
an important influence on the cost of the installation 
and its flexibility of operation. 

The essential cooling and lubricating oil systems 
are similar to those for a slow-speed diesel. The com- 
pressed air system, on the other hand, is appreciably 
smaller. As with large diesel engines, it is more ra- 
tional to drive the auxiliaries by means of electric 
motors, which consume a small percentage of the 
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total normally provided and afford great flexibility 
of operation. 

Application to an oil tanker of 20,000 tons and 8,000 
h.p. or to a cargo vessel of 7,000 tons and 7,000 h.p. 
yields the following arrangement. For reasons of good 
distribution and operation two groups of pumps are 
used, each supplying four gas generators and each 
consuming 80 kW. The arrangement of the engine 
compartment is shown in Fig. 3; eight free-piston gas 
generators supply a single gas manifold. From this 
manifold, two supply lines feed a turbine with di- 
vided admission, which is connected to the propeller 
shaft through a reduction gear. 

The same manifold supplies the 300 kW turbo- 
dynamos, two in the case of the cargo vessel and 
three for the tanker specified. With this installation 
the gas generators provide for propulsion, and for 
electricity generation from a single turbo-dynamo 
set, when at sea. In harbor, when the main turbine 
is not running, it is sufficient to leave one gas gen- 
erator running in order to provide the power neces- 
sary for the cargo-handling load. A 100 kW diesel 
generator set provides the current for initial starting 
of one of the two groups of pumps, in addition to 
ship lighting in the case of prolonged immobilization. 
One problem still remains unsolved at present, 
namely combining the lubricating systems of the gas 
generators and of the turbo-reduction gear unit, 
which could provide a saving in weight of the order 
of 8 to 10 tons in the case of a propulsion unit of 6,000 
to 8,000 h.p. 

The service requirements of the ship will very 
largely influence the design of the engine unit. A 
cargo ship will require continuous operation on full 
power, a coasting vessel many hours of maneuvering, 
while a warship will require low cruising power and 
very high combat power. With free-piston engines 
it has therefore been necessary to obtain not only 
correct consumption on full load, but an acceptable 
consumption on partial loads, which, as is known, is 
difficult with classic gas turbines. 

As in all propulsion equipment, problems of astern 
running have required some development. Very wide 
use has been made of arrangements already proved 
over a long period on steam turbines, since the op- 
erating temperatures and pressures of gas turbines 


Figure 3. Free-piston Gas-generator and Turbine-propul- 
sion Equipment; Power, 8,000 H.P. 

(1) Free-piston gas-generators. 

(2) Gas turbine. 

(3) Reduction gear. 

(4) Electric-generating set of 100 kW. 

(5) Turbo-dynamo of 300 kW. 

(6) Turbine and reduction-gear oil pump. 

(7) Turbine and reduction-gear stand-by oil pump. 
(8) Duplex pump, fresh-water and sea-water. 

(9) Gas-generator oil pump. 

(10) Gas manifold. 

(11) Gas pipe for astern operation. 


fed by free-piston gas generators are lower than, or 
equal to, those of medium-pressure steam turbines. 


FUEL CONSUMPTION 
Table I sets out the results successively obtained. 
These results have already been improved on a 
test engine by detail modification of the injection 
system and of the piston crown, bringing about a re- 
duction in consumption of approximately 5 per cent. 
The figures obtained are no doubt slightly higher 
than the figures guaranteed for the best existing ma- 
rine diesel engines, but they are remarkably constant 
within the limit of our experience (three years) dur- 
ing the life of the ship. In addition fuel consumption 
is only one of the factors in the operational balance 


TABLE I 
Turbine 
efficiency 
Gear (including 
Consumption, turbine shaft efficiency rev. drive) 
Cherbourg power station:— Per cent. Per cent. 
rev. drive) 
TEP. 193 g./ch.h, 0.430 16/H.P.-hr. 96 
(gas oil). 
“Liberty” ship (test bench), 3,000 H.P. ................ 190 g./ch.hr. 0.423 16/H.P.-hr. 96 86 
(Bunker C) 
Marine set (projected), 8,000 H.-P. .................... 183 g./ch.hr. 0.418 16/H.P.-hr. 96 86 
(gas oil) 
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sheet as demonstrated by the numerous orders for 
steam turbine sets despite their high consumption. 

In the present state of the technique, the utiliza- 
tion of heavy fuel oils is a necessity. It is therefore 
interesting to observe that the combustion of heavy 
fuel oil with a viscosity of up to 3,000 sec. Redwood 
I at 100° F has required absolutely no modification to 
the GS-34 gas generator. This is well explained by 
the very high degree of supercharge of the engine, 
the complete separation of the diesel cylinder from 
the rest of the engine, lubrication by total loss, and 
the absence of valves in the diesel cylinder. 

Parallel with this, it should be observed that very 
satisfactory operation of the injection equipment has 
been obtained with a moderately heated oil having 
a viscosity of 150-180 sec. Redwood I. Up to the pres- 
ent, cooling of the injectors has not been necessary 
for good reliability. 

Various possibilities exist for reducing consump- 
tion at partial loads, namely: —Improvement of the 
consumption curve of the gas generator itself, reduc- 
tion in the number of gas generators in service and 
adaptation of the turbine design. 

The two first subjects will be touched on below. 
The third will be dealt with in the paragraph dealing 
with turbines. 

The specific consumption of a gas generator is es- 
sentially a function of the gas delivery pressure. It 
increases appreciably as soon as this falls below 1.5 
kg/cm.’. In fact, below one-third load, since the gas 
flow from the gas generator cannot be matched to the 
turbine, it is necessary to blow off to atmosphere part 
of the gas generator and the consumption increases 
rapidly. 


RECIRCULATION 


An attempt has therefore been made to reduce the 
gas generator output in this zone by applying the 
principle of recirculation of hot compressed air to the 
ccmpressor intake (Fig. 4) 

Heating the intake air permits operation with very 
low engine compression. It is thus possible to move 
the inner dead point further from the center-line, 
increasing the compressor clearance volume and re- 
ducing its delivery per stroke, and also to reduce 
the cushion pressure, and thus the speed of oscilla- 


oo 


Figure 4. The Principle of Recirculation. 


tion. As a result there is a double diminution in the 
gas generator output which can then follow exactly 
the turbine mass flow curve down to an admission 
pressure almost to zero. 

The coasters Cantenac and Merignac were fitted 
with this arrangement, which was necessary in their 
case in view of their large proportion of maneuvering 
time. 

All conditions of cruising and maneuvering from 
stop up to full speed are permissible without any dis- 
continuity, a feature particularly important in cer- 
tain circumstances such as convoy operation, mine- 
sweeping and leaving harbor, when ships with 
free-piston engines provide a flexibility similar to 
that of ships with electric transmission. 

Various solutions permit the exploitation of this 
feature. The first used exclusively so far on free- 
piston ships, consists in fitting the turbine with astern 
blading, and providing between the gas generator or 
generators one or more reversing valves, making it 
possible to vary the proportion of gas admitted to the 
ahead turbine and to the astern turbine. Control of 
the reversing valve and the fuel rack is carried out 
by means of a hydraulic circuit with two branches 
controlling, on the one hand the fuel rack for the 
range of power above one-third load, and on the other 
hand the reversing valve for the range of power be- 
low one-third load. 

This system gave rise to a number of points for 
development. The oil pressure controller operated 
by the hand wheel was fed in parallel with the re- 
versing valve and the piston cooling arrangements 
from a common oil pump. During reversing the sud- 
den oil demand of the valve servo-motor resulted in 
a general reduction in the oil pressure, and conse- 
quently in a slowness in reaction of the whole ar- 
rangement. 

These difficulties were resolved by fitting a slide 
valve regulator feeding first the maneuvering con- 
trol, and then the reversing valve, and finally the 
piston cooling arrangements. 

The reversing valve itself gave rise to the follow- 
ing points: — 

Compensation of expansion which had been 
causing variations in the position of the valve ac- 
cording to the temperature. 

Alteration of the valve profile in order to obtain 
a broad stop zone. 

Detail modifications of the servo-motor in order 
to reduce the response time. 


STABILITY OF OPERATION OF THE GAS GENERATOR 


The operation of the arrangements for reversing 
and for power variation mentioned above, results in 
a variation in the discharge area available for the 
exhaust gas of the gas generator and in a variation of 
the fuel rack at the same time. 

This has given rise to several problems relating 
to stability of operation of the gas generator. It will 
be appreciated that the piston stroke has maximum 
limits corresponding to contact with the cushion head 
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Figure 5. Limit of Stability. 
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or contact between the pistons, and minimum limits 
corresponding to the outer dead point allowing ade- 
quate scavenging, or to the engine compression being 
adequate for combustion. Fig. 5 gives an indication 
of the limits between which the inner dead point and 
the outer dead point must vary in order to avoid the 
gas generator stopping. 

When the load rises rapidly the discharge area 
diminishes suddenly and the fuel rack increases im- 
mediately. It is then necessary to charge the cushion 
quickly in order not to exceed the outer limit. Con- 
versely, during a reduction in load, the cushion must 
discharge sufficiently quickly for the outer dead point 
not to fall below the minimum value allowing ade- 
quate scavenging. 

The problem is more complicated when reversal of 
the drive or a drop in load is followed immediately 
by an increase in the load. Recourse was had at first 
to some delay devices between the maneuvering con- 
trol and the receiving units. In this way a drop in 
the operating pressure to too low a value is avoided 
when reversing. Later the flow rate and the response 
time of the stabilizer (the unit controlling the quan- 
tity of air in the cushion) were improved, thus mak- 
ing it possible to avoid stopping the gas generator 
when reversing without having recourse to a delay 
device. 


TURBINE DESIGN 


One or two astern stages are mounted on the same 
shaft as the ahead stages. The two half turbines have 
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a common exhaust at the center. The windage of the 
astern stages, however, gives rise to a problem more 
difficult to solve than in the case of steam turbines, 
where a vacuum is produced in the astern casing. 

Since the density of the gas is much greater, large 
losses occur proportional to the mass of fluid set in 
motion. However, numerous tests have made it pos- 
sible to reduce these windage losses in the proportion 
of six to one in the case of marine turbines of 1,000 
h.p. This was made possible by investigation into the 
variation of windage losses as a function of the speed 
of rotation, the dimensions of the discs and blades, 
the form of these blades, the conditions in the space 
surrounding the wheel, and the interactions between 
the gases leaving the ahead blading and the astern 
blading as the result of costly tests. 

The subdivision in height of the astern stages and 
the adoption of fixed or movable masks explains the 
overall efficiencies indicated above. It will be ob- 
served with interest that in the particular case of 
the 1,000 h.p. turbine with fixed masks the windage 
losses represent approximately 2.5 per cent of the 
power involved. When using a movable mask (Lib- 
erty ship) these windage losses are less than 1.5 per 
cent. 


ADAPTATION TO PARTIAL LOADS 


With the methods of control described above, when 
the load diminishes the available pressure drop of 
the gas diminishes with the speed of rotation. Under 
these conditions the mean C/U ratio of the blading 
varies relatively little and the efficiency remains good 
over a large range of power. The efficiency of the 
turbine/reduction gear unit varies by only ten points 
between one-third load and full load. The efficiency 
of the gas generator, on the other hand, varies fairly 
quickly, as soon as the working pressure falls below 
1.5 kg./cm.’. It is therefore important, if it is desired 
to maintain a high efficiency at partial load, to have 
a smaller number of gas generators feeding a smaller 
turbine nozzle area at a gas delivery pressure similar 
to the full load pressure. Use can be made of the 
three classic systems on steam turbines: —Separation 
of first stage admission into sectors, use of two tur- 
bines, one for cruising, and separate admission before 
the third stage. 

It is of interest to draw up a list of the difficulties 
encountered and subsequently eliminated during the 
first three years of operation, before observing how 
the problems of daily and annual operation occur on 
a free-piston ship. 

The points of development have not exceeded in 
number or scale those required by any new type of 
diesel engine. They have been considerably facilitated 
by the simplicity of dismantling, independence of the 
cylinders, and standardization on the one GS-34 
cylinder. 

This has been well brought out by the results ob- 
tained on the first ships in commercial service. Apart 
from the annual hull inspection, Cantenac was only 
immobilized for eight days in two and a half years 
of operation and Merignac for four days in two years 
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of operation. The remainder of the maintenance was 
carried out during normal periods in ports. The main 
problems were as follows: — 


Wear 

Scattered cases of wear and sometimes of seizure 
were observed on the compressor of the first ma- 
chines. These faults have been completely eliminated 
since June, 1954, by an appropriate design of the 
compressor piston rings. At first the engine piston 
rings had a life not exceeding 500 hours. Several 
periods of operation exceeding 2,500 hours without 
inspection of the rings were subsequently obtained 
in 1955 and 1956. The improvement related both to 
the material and the design of the rings, together 
with the oil used. 


High oil consumption 

Oil-tightness of the glands on the synchronizing 
rods and on the piston cooling oil tubes were difficult 
problems. The first could only be resolved by rede- 
sign of the shape of the packing rings, the second by 
attention to the surface condition of the tube and im- 
proving the oil outlet pipe. The total consumption of 
circulating oil is now about 0.00028 Ib./h.p. hr. 


Fouling and fires in the engine case 

The oil leaks mentioned above gave rise to the 
carbonaceous deposits in the scavenge casing. After 
some hundreds of hours these caught fire and stopped 
the machine without any increase in the engine-case 
pressure. 

This was overcome by reducing the engine-case 
temperature, which is maintained well below the 
critical carbonization temperature (230° C) by more 
intensive cooling of the compressor head plates and 
by improving the efficiency of the compressors, also 
by using oil better suited to the conditions of opera- 
tion of the engine, elimination of the oil leaks men- 
tioned above the certain hot spots. 


Injection system 

Together with the piston rings, this is the only fea- 
ture of the diesel engine requiring maintenance 
which has been retained on free-piston engines. Much 
detail development work has had to be carried out 
on the injection pumps, the injectors, the injector 
holders, and on the precombustion chambers. 


Central ring 

This ring constitutes the combustion chamber 
where maximum pressures reach values of the order 
of (1,700 Ib. per sq. in.). The maximum temperatures 
are also very high. The difficult problem of stresses 
due to thermal expansion at first involved failures, 
due to the fact that the part was made of steel and 
consequently particularly susceptible to corrosion 
fatigue. An appropriate design of the water circuit 
and the addition of anti-corrosives such as soluble 
oil or bichromate to the cooling water completely 
eliminated these incidents. 


Valves 
Some accidental failures occurred in the early 
days on the suction valves. These have disappeared 


completely since over two years ago. A new model 
of delivery valve with cast iron seats has given rise 
to incidents due to fitting errors. 


PROBLEMS OF DAILY OPERATION 

These chiefly affect the engine-room staff. They 
therefore greatly affect the opinion of the ship’s en- 
gineers, a particularly important point when new 
machines are involved, which are often not welcome 
at first. 

The mechanical noise of the engine is very accept- 
able. It is less than the noise from a 600 r.p.m. diesel 
engine by reason of the removal of the various me- 
chanical drives, of valves, rockers, and camshafts. 
Noise appears to come mainly from the injection 
pump drive, the injectors, the suction valves, and 
finally the engine explosion. Tests are in progress 
to reduce this. 

The intake pulsations are sound waves similar to 
those observed on large piston compressors or large 
Roots blowers of two-stroke engines. They were very 
noticeable on board the first minesweepers, where 
solution of the problem was rendered difficult by rea- 
son of the small volume of the engine-room and the 
small space available for the intake casings. 

On the coasters, on the other hand, the problem 
was solved almost immediately and the intake has 
not given rise to any observation on the part of the 
ship’s engineers. 

A still more satisfactory solution has been devel- 
oped recently for use on sets of the Liberty-ship type, 
comprising a greater number of cylinders. This new 
solution was fitted to the first type GS-34 gas gen- 
erator in operation in England. 

The exhaust makes absolutely no noise except 
when the maneuvering control wheel is at “Stop” on 
vessels not fitted with the recirculation valve. The 
expansion in the turbines is then insufficient to pro- 
vide complete damping of the exhaust sound waves 
of the gas generator. 

The temperature of the engine-room is very ac- 
ceptable, since the engines draw in air directly from 
the engineroom, resulting, for example, in the case 
of the Liberty ship, in a renewal of air at the rate of 
24 kg. per second. The temperature rise of the engine- 
room due to operation of the engines is in the order 
of 9° to 11° F. All the gas pipes under pressure are 
lagged but as their temperature is low, 788° F, there 
is no difficulty in obtaining good lagging. Finally, no 
part of the engine radiates directly into the engine- 
room, thus obviating the sensation of heat often ob- 
served in the neighborhood of the exhaust pipes of 
diesel engines. 

The duties of the personnel are reduced to a mini- 
mum:— 

There is only one manual lubricating point on 
the gas generator which is lubricated only once 
every twenty-four hours. 

The independence of the gas generator and tur- 
bine obviates the necessity for frequent adjustment 
of auxilary circuits, rendered necessary on diesel 
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FREE-PISTON GAS GENERATORS 


“M. E. & N. A.” 


engines by the rapid variation in power developed 

as a function of the r.p.m. of the propeller shaft. 

This has agreeably surprised the ship’s engineers. 

During maneuvers the gas generators are not 
stopped. 

Between the 2,500-hour strips the maintenance 
work is reduced strictly to inspection of the injec- 
tors. 

The distances to be covered by the engine-room 
crew are small. The various control arrangements 
are centralized on a single panel. 

The engine installation is situated entirely on 
one level and does not carry any platforms, except 
in some very special cases such as sets of very high 
power. 

The dimensions of the main engine are very 
small. 

The problems of annual operation are brought 
out clearly in Tables II, III and IV. 

Up to the present, maintenance on the various 
vessels fitted with free-piston gas generators has al- 
ways been carried out on board ship without it ever 
being necessary to take a gas generator out of the 
engine-room. 

The personnel of the coasting vessels Cantenac and 
Merignac have appreciated the small dimensions and 
limited weight of the components to be handled, 
which are always within arm’s reach. 

Finally, the figures given at the beginning of the 
report show that immobilization of Cantenac and 
Merignac has been extremely short, despite two very 
unfavorable factors, namely: — 

First gas generators in the production series. 

Propulsion unit comprising only two gasifiers. 


CONCLUSION 

As with any heat engine, efforts must now be made 
towards improvement of performance: power per 
unit, fuel oil and lubricating oil consumption; but 
this concerns particularly the manufacturer and 
licencees of the GS-34; the number of the latter now 
gives rise to hopes for accelerated progress by the 


large number of engineers joining the team formed 
at the beginning by S.E.MLE. and S.I.G.M.A. But 
parallel with this, an effort of imagination appears 
necessary on the part of the builders and operators 
of ships in order to make the best use possible of an 
engine whose flexibility of adaptation is very su- 
perior to that of the engines which have preceded it. 
If the first free-piston installations have cautiously 
followed the paths traced by the diesel engine and 
the steam turbine, the years to come will certainly 
give birth to fresh solutions for the auxiliaries and 
for the architecture itself of free-piston vessels. 

The free-piston engine is now fully established 
among other types of propulsion machinery sets. It 
remains to be seen with what speed and to what 
extent and for what applications the free-piston en- 
gine sets will replace the conventional engines. 


TABLE II—Intervals Between Inspections and 
Maintenances Man-Hours 
Time for Number of 


Interval Parts inspected inspection man-hours 
Hours . Hours 
2,500 Moving parts .............. 4 12 
8 32 
16000 case ............... 
20,000 Exhaust cylinder liner ..... 20 60 
20,000 Scavenge cylinder liner ... 20 60 
20,000 Overall inspection ......... 40 120 
TABLE III—Wear Observed on a GS-34 Gas 
Generator 
Part Wear, per 1,000 hours 
mm. in. 
Exhaust cylinder liner ................ 0.08 0.0032 
Scavenge cylinder liner ............... 0.055 0.0027 
First diesel piston ring—exhaust end . 0.27 0.0107 
First diesel piston ring—scavenge end 0.16 0.0063 
Wear on other diesel piston rings ..... 0.08 0.0032 
Wear on compressor cylinder ......... 0.05 0.0020 
Wear on compressor piston rings ..... 0.08 0.0032 


Power: 1,000 s.h.p. Fuel: Bunker C, viscosity varying be- 
tween 2,200 and 3,200 sec., Redwood I at 100° F. Lubricating 
oil: Rimula 40 special and Talona 20. 


TaBLeE IV—Intervals Between Component Replacement 


Interval Parts to be replaced Number 
Delivery valve plates 
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at A NEW STANDPOINT IN REGARD TO THE 
QUESTION OF THE SUITABILITY OF GYROSCOPIC 
STABILIZATION OF NAVAL SHIPS 


THE AUTHOR 


was born in Lithuania on February 5, 1885. In 1915 he was graduated as 
Engineer Technologist from Technological Institute at Petersburg (Russia). 
In 1920 he returned to Lithuania and delivered lectures on Descriptive 
Geometry and Technical Mechanics at the University of Vytautas the Great 
in Kaunas, Lithuania. He was later offered a chair of Technical Mechanics. 
In 1941 he was appointed to be the President of the same University and held 
this position until 1944. In 1944 he left Lithuania and delivered lectures on 
Mechanics at the Baltic University in Germany until his emigration to the 
United States in the autumn of 1949. He sought a teaching position in the 
United States but before he could attain sufficient proficiency in the English 
language, he suffered physical disability which precluded his continuance in 
an active profession. 


A, THE PRESENT TIME there exists a definite accep- 
* tance of the opinion that gyroscopic stabilization of 
g the rolling of ships has been sufficiently investigated. 
In this connection, it is believed that it has been made 
quite clear that gyroscopes are not suitable for the 
purpose of stabilization of naval ships. 

The purpose of this article is to prove that the 
above mentioned opinion is wrong, and that, as me- 
thodical investigation of the gyroscopic stabilization 
of ships has not yet been performed, we have no suffi- 
cient experimentally proven results to decide the 


In equation 1, I have deliberately omitted the 


damping term, which might be designated ns % , be- 


cause my purpose is to clear up the question of how 
the mechanical factors that arise from the gyroscop- 
ical arrangement, the changing of which is in our dis- 
position, act upon the ship. The moment of the fric- 
tion between the surface of the ship and water, which 


said question. 
As it is known the equations of the rolling of the 
gyroscopic stabilized ships are as following: 


d*¢ 
Lae! 4, + M, ¢sinyt=0 
d?y d¢ dy 


The first differential equation represents the equa- 
tion of the rolling motion of a ship and the second the 
equation of the oscillatory motion of a gyroscope to- 
gether with its frame within the ship. 


is designated by term N sf is not such a factor, that 


can essentially change mechanical meaning of the gy- 
roscopical arrangement of the gyroscopically stabil- 
ized ship. Therefore the supposition, that the mo- 


ment no tis equal to zero and can be omitted in the 


equation, can not diminish the meaning of the con- 
ditions for a very slight rolling of the ship, that de- 
pends upon the proper gyroscopical arrangement as 
well as upon certain mechanical values of the ship. 
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We can be sure that the same conditions are valid in 


the case when the moment N “tis of its usual value. 

In the same way the famous German scientist Prof. 
Dr. R. Grammel in his work “Der Kreisel, Seine 
Theorie und Seine Anwendung” searched for most 
favorable values of the swing number and of the 
brake number. Solving this problem he supposed 
that the damping number, which is herein designated 
as N, because of its small order of magnitude, is equal 

d¢ 


to zero. This supposition make the term Ny, equal to 


zero. I think the moment NS*could be omitted not 


only for its small magnitude, but for the reason that 
it was not essential for solving the mentioned prob- 
lem. 

In equations 1 and 2: 

I, = the moment of inertia of the ship and the gyro- 
scope within it about the longitudinal axis of the ship. 

I, = the moment of inertia of the gyroscope together 
with its frame about the transverse axis about which the 
frame rotates. 

I, = the moment of inertia of the gyroscope about its 
axis. 

MM, = the result obtained by multiplying the weight of 
the ship by its metacentric height. This result is referred 
to as the moment of oscillation of the ship. 

m, = the product of the weight of the gyroscope and 
its frame by the distance from their center of gravity to 
the transverse axis about which the frame rotates. This 
is referred to as the moment of oscillation of the gyro- 
scope and its frame. 

m, = the brake moment acting upon the frame of the 
gyroscope. Its magnitude corresponds to the unit of the 
angular velocity of the frame. This moment is referred 
to as the brake number. 

» = the axial angular velocity of the gyroscope. 

y = the frequency of oscillation of the ocean waves. 


¢, = the maximum angle of inclination of the waves. 
¢ = the heeling angle of the ship. 
¥ = the angle of inclination between the axis of the 
gyroscope and the high axis of the ship. 
Unknowns ¢ and y of the differential equations 1 
and 2 can be expressed in terms of t by formulas: 
¢=Asinyt+Bcosyt 
A,sinyt+ B,cosyt 
A, B, A,, and B, are constants. 
Replacing in equations 1 and 2 these values of ¢ and 
¥ respectively we obtain equations: 
(-I, Ay? + I1,oB,y+M, A—M, ¢,) sinyt 
+ (-I,By? —I,oA,y+M,B) cosyt =0 
cosyt=0 
Because these equations are identical, by equating 
the expressions in the parentheses to zero, we obtain 
four linear equations in four unknown constants A, 
B, A, and B;: 
A:0—BI, wy + A, (m, —I, y?) —B,m,y =0 
Al,oy +B:0+A,m,ysinyt +B, (m, —I, y?) =90 
A (M, —I, y?) +B:0+ A,0+ B,I,oy =M, 
A:0+B (M, —I, y?) —A,I,oy7y+ B,:0=0 


We solve these equations for the constants A and B: 


0 | (a,-Ly’)| —my 

0 0 m, 7 (m,—I, y*) 
M, $5 0 0 Loy 

0 (M,—I,y’?)| —Loy 0 

A= 

0 (m,—I,y?)| —m,y 

Loy 0 m,y | (m,—I,y*) 
(M,—I, y*) 0 0 Loy 
0 (M,-I, y?)| —I, oy 0 


Replacing the determinants by their expansions we 
have for A such expression: 


M,¢,4 —I,?w?y? (m, —I,y?) (M, —I,y’) [ (m,—I,y’) ?+m,7y"] \ 


~ Ltwty* — 21,70? y* (M, —Ly*) (m, —I,y*) + (M, —I,y*) (m, 


| 0 0 (m,—I,y?)| —m,y 
Ley 0 m,y | (m,—I, 7°) 
(M,—I,y?)| M,¢ 0 Loy 
0 0 0 
B= 
0 —I,wy | (m,—I, y’) —m, 
Loy 0 m, Y (m,—I, 
(M,—I, y*) 0 0 I,wy 
0 (M,—I, y’) —Loy 0 


orB 


— 21,70? y? (M, —I,y’) (m, + (M, —I,y") *[ (m, —I,y") +m,*y"] 


For heeling angle ¢ we have the expression: 


¢ = Asin yt + Bcos yt 
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We are interested in maximal magnitude of ¢ 
max = + 
= A’? + B* 


By substitution in the last equation respective ex- 
pressions for A and B and simplifying the result we 


obtain: 


(m,—I,7’) +m,’y? 


— (M, —I,y’) (m, —I,y*) (M,--I,y*) *m,"y* 


By multiplying the numerator and denominator of 


the fractional expression for ¢?max by x it is 


given a more convenient shape: 


2 
I 2 2 
¥ 
M, MM, 
I, 
max= Po" 
1,? Y° ¥ (= ) ¥ 
Ei M, M, M, 8 M, M, M, M, 


An analysis of the immediately foregoing formula 
shows that the maximum heeling angle of the ships 


depends upon the following ratios: 


and upon the frequency y of the waves as well as 

upon the maximum angle ¢, of inclination of the 

waves and therefore upon the rolling moment 

M, ¢, sin yt which acts upon the ship on the ocean. 
In the stabilizing of ships by means of a gyroscope 

it is important to know how the proposed means of 
stabilizing will affect the ship as soon as it is tossed 
about the ocean waves. It has heretofore been neces- 
sary for the purpose of such determination to take 
the ship to sea. This method is inconvenient and dis- 
advantageous because it does not allow a general 
decision to be made. To make a general and final de- 
cision about gyroscopical stability of ships, it is 
necessary to have a possibility of realizing on ships 
(that are destined for investigation of their gyro- 
scopical stability) the various magnitudes of the 
above mentioned ratios and their various combina- 
tions. However this means of experimentation 
would involve the use of many ships and would thus 
prove very expensive. Thus economical reasons 
make its practical realization impossible. 

However such investigation can be performed in a 
laboratory. For this purpose I have constructed a 
device, which enables the following things to be 
accomplished: 

1. The representation by means of movable parts of 
the rolling motion of any ship which is stabilized 
by means of a gyroscope. 

2. The provoking of the rolling moment which 
should correspond to any strength of the waves. 

3. The selection, in a most effective way, of stabiliz- 
ing equipment necessary to stabilize a ship sub- 
jected to tossing about by waves. 


m, M, m, 


The parts of the device will become apparent dur- 
ing the course of the following description taken in 
connection with the accompanying drawings, in 
which like numerals designate like parts throughout, 
and in which: 

Fig. 1 is a side elevational view of one side of the 
device; 

Fig. 2 is a side elevational view of the opposite side 
of the device; 

Fig. 3 is a view partly in elevation and partly in 
section, showing the construction of various parts of 
the device; 

Fig. 4 is a transverse cross-section view taken on 
the line A-B of Fig. 3, and 

Fig. 5 is an elevation detail of certain related parts 
of the device whereby motion of rotation is converted 
into reciprocating motion. 

The essential part of the device is a pendulum 10 
to which a shaft 11, journalled at its ends in stand- 
ards 12 and 13 of a frame 14, is rigidly secured. The 
pendulum 10 embodies spaced channel-shaped mem- 
bers 21 and 22, the upper and lower ends of which 
are connected by similar channel-shaped transverse 
members welded to the members 21 and 22, The 
plates 23 and 24 which are secured to the aligned 
flanges 25 and 26 and to the aligned flanges 27 and 28 
of the members 21 and 22, carry the shaft 11. 

Threaded round bars 29 and 30 are located on one 
side of and parallel to the members 21 and 22, and 
similar bars 31 and 32 are located on the other side 
of and parallel to these members. The bars 29 and 31 
are secured to the top thereof by means of Z-shaped 
clips 33 and 34 bolted, respectively, to the flanges 25 


A.S.N_E. Journal, August 1957 579 


AS 
2) 
in 
A, 
0 
3: 
| 
) 

: 
= 


32 
87 : 
= 
86 
| 
J 7 | 
178-4 
{ Ye 
NZ ——73 . 
— O O » 
64— 
| 


== 
3! 2 E 29. 
27 | 
2 
° | | LJ 
N™% : 
| 
| | | 
"4 
9 eK) } | | 
| 
| 
| 
| | | 
| | 
| | | ) || | 
| | = | 
= —~72 | 
| 
| | 
—— 
| 53483 | 55 | 
| Tne i 
| ft 40 Figure 2. 
| 
14 


10 10 45 30 
43 5 + 26 
29—— 
9 
SH 
re) | 
89 i 
| 
| | 
| h 4 
4 
95 
100 17 
7 
A 
95' 
70 
97 __.. — 67 
97 
4 96 
57 | 
ol 
54 sx 
53 
66 
55 
—) 
L 
T 
15 
20 | 
16 2 Figure 3. 
92 | | 
i47 


4 


GRAVROGKAS 


GYROSCOPIC STABILIZATION OF NAVAL SHIPS 


B 
50 
32 
28 
id 
26 
8 
30 
46 
6——— 
Figure 4. 
9 | 60 
7 
\ 
/ 
/6\ 58 
4 
\ / 62 
/ 


Figure 5. 


and 27, and angle members 35 and 36 bolted to the 
clips. The upper ends of the bars 29 and 31 are 
threaded and extend through openings in the angle 
members to which they are secured by nuts 37 and 
38 threaded upon the ends of the bars. The bars 29 
and 31 are similarly secured at their lower ends in 
spaced relationship to the member 21 by means of 
Z-shaped clips 39 and 40 and angle members 41 and 
42 into which the bars extend. The bars 30 and 32 
are similarly secured to the channel-shaped member 
22 of the pendulum. 

The bars 29, 30, 31 and 32 carry internally thread- 
ed weights 43 and 44, 45 and 46, 47 and 48, and 49 
and 50, respectively. This permits the weights to be 
adjusted along the bars and thereby vary the mo- 
ment of inertia of the pendulum about axis of the 
shaft 11 so that its height may be kept within rea- 
sonable limits. 

Before explaining how the swinging of pendulum 
10 can represent the rolling of any gyroscopically 
stabilized ship that is affected by any wave, I will 
set forth certain clarifying observations. The ex- 
pression M, - ¢ is equal to and is applicable to pendu- 
lum 10 of the device as well as of the ship. When the 
equation M.¢=Q:H-¢ is applied to the pendulum, 
Q equals the weight of the pendulum and H equals 
the distance from center of gravity of the pendulum 
to the axis about which the pendulum swings. Cor- 
respondingly the expression M, and ¢ equal the 
moment of oscillation and the angle of deflection of 
the pendulum. When the equation M,¢=Q-:H°¢ is 
applied to the ship, Q equals the weight of the ship, 
H the metacentric height, ¢ the heeling angle and 
M, the moment of oscillation of the ship. Obviously, 
the moment M,¢ acts upon the pendulum in the 
same way as the analogous moment acts upon the 
ship. 

There is another moment which also acts upon the 
ship from without. This is the rolling moment 
M,:¢,: sin yt. M, in this expression equals the 
oscillation moment of the ship. An analogous mo- 
ment must be applied to the pendulum. If the expres- 
sion M,-:¢, sin yt is applied to the pendulum M, 
equals the oscillation moment of the pendulum. The 
rolling moment M,-¢,°sin yt which must act on 
the pendulum is realized by the following mecha- 
nism. 

A motor 51 is secured upon the pendulum 10. The 
shaft 52 of the motor lies parallel to the pendulum 
and is extended and connected to a worm 53 which 
is in mesh with a worm gear 54 fixedly secured upon 
a shaft 55. A series of gears 56 of progressively de- 
creasing diameter is mounted upon shaft 55. The 
gears of this series are adapted to mesh selectively 
with the corresponding gears of a series of gears 57 
of progressively increasing diameter so as to vary 
the angular velocity of shaft 58 upon which the gears 
of the later series are mounted. 

A disc 59 is fixedly secured upon one end of shaft 
58. The disc is formed with a diametrical slot 60 
through which a bolt 61 extends for fastening to the 
583 
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disc at various distances from its center. The bolt 61 
extends through a slot 62 formed in a slide 63 which 
is guided in its vertical linear movement by a frame 
64. The disc and bolt accordingly impart a vertical 
reciprocating motion to the slide 63 the extent of 
which is determined by the distance of the bolt from 
the center of the disc. 

A sprocket chain 65 is secured to the slide 63 and 
passes around sprocket wheels 66 and 67. The lower 
sprocket wheel is rotatably mounted upon a stub 
shaft 68 secured to member 22 of the pendulum 10. 
The upper sprocket wheel 67 is rigidly mounted upon 
a shaft 69 which is journalled in the members 21 and 
22 of the pendulum. The shaft 69 embodies a ring in 
which the electric motor 70 of a gyroscope 71 is firm- 
ly held. Separate discs 72 and 73 are mounted upon 
the shaft of the motor and constitute selectively 
variable flywheels for the gyroscope. 

It will be shown below that the angular velocity of 
the shaft 58 corresponds to the frequency of the ocean 
waves. The disc 59, which is fastened upon shaft 58 
accordingly rotates with an angular velocity y as does 
the bolt 61. When the bolt is placed at a distance r 
from the center of the disc and rotates with an angu- 
lar velocity y, it describes from its lowest position 
during time t an angle yt and therefore its vertical 
displacement equals (r—r cos yt) (Fig. 5). Since this 
is also the vertical displacement of the slide 63 
through which bolt 61 extends, the velocity of the 
slide is ry sin yt. 

The motion of the slide is transmitted to the sprock- 
et wheels 66 and 67 by means of the chain 65 fastened 
to the slide. The peripheral velocity of the sprocket 
wheels is therefore ry sin yt and their angular ve- 


_ rysin yt 


locity », = Rr where R equals the radius of the 


wheels. 

The sprocket wheel 67 is fastened upon and trans- 
mits its rotation to the shaft 69 which carries the 
motor 70 of the gyroscope 71. When the sprocket 
wheel 67 rotates clockwise through a certain angle 
and then counter-clockwise through the same angle 
the gyroscope 71 swings with the angular velocity », 
about the axis of shaft 69. Therefore a moment I o. o, 
arises. Since », Io, = where 
I equals the moment of inertia of the gyroscope 71 
about its axis and ». its angular velocity about its axis. 
The moment 
and realizes the rolling moment M, ¢, sin yt, which 
corresponds to the analogous rolling moment which 

Iw. ry sin yt 


acts upon the pendulum 


acts upon the ship cn the ocean, so that 


= M, ¢, sin yt. In the foregoing equation the angular 
velocity y of the shaft 58 corresponds to the frequency 


of the ocean waves, the relation—> corresponds to the 


greatest angle of inclination of the ocean waves and 
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therefore must be equal to ¢, and the product I , y 
corresponds to the moment M, of oscillation of the 
pendulum and therefore must be equal to it. 

To obtain the stabilizing moment, which must act 
on the pendulum and correspond to the analogous 
moment which acts on the ship, the gyroscope 74 is 
mounted upon the pendulum. The electric motor 75 
of the gyroscope 74 is firmly held in a ring embodied 
in a shaft 76 journalled in the members 21 and 22 of 
the pendulum 10 above gyroscope 71. Separate discs 
95 and 95’ similar to the discs 72 and 73 can be mount- 
ed upon the ends of the shaft of motor 75 and serve 
the same purpose as discs 72 and 73. 

The shaft 76 carries a disc 77 which revolves be- 
tween the adjustable poles of an electromagnet 78 
which therefore exerts a braking moment upon the 
gyroscope 74 whose function is to stabilize the swing 
of the pendulum. In place of adjustable poles, change 
in the current of the electromagnet 78 may be resort- 
ed to in order to vary the value of the braking mo- 
ment. 

The moment of inertia of the gyroscope 74 about 
the axis of the shaft 76 is made variable by means of 
pairs of weights 79 and 80, and 81 and 82. The weights 
79 and 80 are adjustably mounted upon a rod 83 suit- 
ably secured to the shaft 76. The weights 81 and 82 
are adjustably mounted upon a rod 84 secured to the 
shaft 76. Various weights 85 can be secured to the 
shaft 76 which are heavy enough to change the fre- 
quency of oscillation of gyroscope 74 about the shaft 
76 and can help to establish it at the proper value. 

Turning again to the differential equations 1 and 2 
(the first of which represents the equation of the roll- 
ing motion of a gyroscopically stabilized ship and the 
second the equation of the oscillatory motion of a gy- 
roscope together with its frame within the ship) I 
wish to state that these equations are applicable to 
the swinging of pendulum 10 and to the oscillation of 
the pendulum gyroscope 74. If the equations 1 and 2 
are applied to the swinging of pendulum 10 and to the 
oscillation of gyroscope 74, I, means the inertia mo- 
ment of the pendulum about the axis of shaft 11, Ix 
means the inertia moment of the gyroscope 74 about 
the axis of the shaft 76, I, is the moment of inertia of 
the gyroscope 74 about its own axis, » is the axial an- 
gular velocity of the gyroscope 74, y is the angular 
velocity of the shaft 58, m, is the brake number of the 
brake moment which is exerted by electromagnet 78 
upon the gyroscope 74, M, and m, are the moments of 
oscillation of the pendulum 10 and of the gyroscope 74 
about axes 11 and 76, respectively. The pendulum 10 
and the gyroscope 74 are so designed that the centers 
of gravity lie under the axes of the shaft 11 and of the 
shaft 76, respectively. This is done to assure the verti- 
cal position of the pendulum 10 and of the gyroscope 
74 when they are at rest. The angles ¢ and y in equa- 
tions 1 and 2 mean the deflections of pendulum 10 and 
gyroscope 74 from their vertical position, respectively. 
If the equal weights 43-50 of the pendulum 10 that are 
constituted of a given number of plates are placed 
at the maximum distance from the shaft 11, the value 
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of I, is maximum and can be denoted as I, max. The 
value of I, can be denoted as I, x if the weights 79- 
82 of the gyroscope 74 are constituted of the maxi- 
mum number of plates. 

To simplify the problem of representing the rolling 
of the ship by swinging of the pendulum 10 of the de- 
vice, we regulate the weights 43-50 and 79-82 so that 


M, 
I, max 


lation of pendulum 10 and the least value of the fre- 


the least value of frequency V of free oscil- 


Ms 


quency V of free oscillation of gyroscope 74 


max 


are equal. These equal values we denote by S. If it is 
necessary to increase the value of the frequency 


V M, we achieve it by moving the weights of 


I, max 


the pendulum. We move them so that the displace- 
ment of upper weights 43, 45, 47 and 49 from their 
extreme position would be equal to the displacement 
of the lower weights 44, 46, 48 and 50 from their ex- 
treme position. The mentioned displacements must 
be equal if we wish to retain the value of M,. To in- 


crease the value of the frequency \ ™s_ we can use 


xX max 
accordingly smaller number of plates and place them 
at proper distance from shaft 76. 

Let us assume that the frequency of free oscillation 


V = of ship under consideration and the frequency 
3 


of free oscillation V = of the gyroscope together 


with its frame within the ship are bigger than S. In 


M 
this case we must increase the frequency \ : 


y max 


to make it equal toY = and increase the frequency 


V. ™s to make it equal to frequency = . By 


x max 


v=: and = 1 
y y x 


termine the proper values of I, and of I,. The proper 
value of I, we realize on the pendulum 10 by appro- 
priately bringing the weights of the pendulum nearer 
to the shaft 11. Likewise the proper value of I, must 
be realized by using accordingly a smaller number of 
plates and placing them at proper distance from 
shaft 76.* To determine the necessary value of the 


x 


we de- 
I 


x 


*If we wish to simplify the operation with weights 79 to 81, 
inclusive, and make it as simple as is the operation with weights 
43 to 50, inclusive, we must lengthen the rods 83 and 84 and mount 
on them the first mentioned weights in the same manner as the last 
mentioned weights are mounted on the bars 29, 30, 31 and 32. How- 
ever, with lengthening of the rods 83 and 84 the distance between 
shafts 76 and 11 becomes increased. This results in increase of the 
size and the cost of the device. 


brake number that must be realized on the pendu- 


“= “+, where I, is already 


lum we use equation I I 


determined and m’, means the brake number that is 
realized on the ship under consideration. By this 
equation we determine the necessary value of m,. 
We can realize it on the pendulum by change in the 
current of electromagnet 78 which exerts a braking 
moment upon gyroscope 74 and can vary the value 


(I, ) 
the pendulum must be made equal to the swing num- 
(I, )” 


of the braking number. The swing number 


ber that is realized on the ship under consid- 


(I,)* _ (,)? 


- Be- 


eration. Thus we get equation 


cause the proper values of I, and I, are already de- 
termined, we can from this equation determine the 
proper value of (I, ) that must be realized on the 
pendulum. We can realize it by change in the angular 
velocity » of motor 75. Finally the products I . y 


must be made equal to M, and ratio equal to p. 


The proper value of product I ». y can be achieved by 
change in angular velocity of the motor 70 of gyro- 


scope 71, and the proper value of the ratio can be 


achieved by change in distance of bolt 61 from center 


M, s Zz 
of the disc 60. Because the ratios and 
(I, o) 
LI that are realized on the pendulum are equal to 


the corresponding ratios which are realized on the 
ship under consideration, and because the rolling mo- 
ment which acts upon the pendulum corresponds to 
the rolling moment which acts upon the ship, the 
swinging of the pendulum now represents the rolling 
of ship. 

The device can be used to reproduce the rolling 
motion of ship if the frequency of its free oscillation 


and if the frequency of free oscillation 
y x 
of gyroscope together with its frame within the ship 
are equal but less than S. In this case we imagine 
that the rolling phenomenon of the ship under con- 
sideration is reduced. It may be assumed according- 
ly, that the ocean wave oscillation is accelerated n 
times and that the waves are correspondingly re- 
duced without changing their shape. While the fre- 
quency of oscillation of the actual ocean waves is 7 


yielding a period of oscillation of = the assumed fre- 
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quency and period of oscillation become y, and 


=. respectively, where y,=n y’. On the other hand, 
1 

it is assumed that the corresponding mechanical 

magnitudes, upon which the rolling motion of the 

ship under consideration depends, are so changed 

that the maximum heeling angle is retained. It can 

be obtained if the values of the ratios 


m, m, 


can be retained. A rolling phenomenon is then consid- 
ered so that the moments of oscillation M,; and m, re- 
tain their values and only the moments of inertia I,, 
I, as well as the product (I, ») and the brake number 
m, change in value. These moments of inertia, the 
mentioned product and the brake number then be- 
come I,., I,,, (I, »); and m,,, respectively, so that the 
following equations are satisfied: 


M, 
m.\* \* 
ee 
M, M, 
I, ly 
= m, 
I. _ i, 
3. M. 
4 (I, w)? 1 (I, 1 
I, Ly 
Since y,=n y’, the above equations are valid of I,,= 
™ and (I, From the 
n? n? n n 


foregoing it is concluded that, if the period of oscilla- 
tion of the ocean waves is reduced n times and if at 
the same time the moments of inertia I, and I, of the 
ship under consideration are reduced n* times and 
the product of the moment of inertia of the gyro- 
scope stabilizer by its angular velocity (I,) is re- 
duced as well as the brake number n times, the max- 
mum heeling angle of the ship under consideration 
would be unchanged. 

This conclusion has equal validity for every ship. 
It is also valid for the pendulum of the described de- 
vice because the equations 1, 2, 3 and 4 expressed 
above are applicable as well to the pendulum. Of 
course we can only imagine the above mentioned 
change of oscillation of the sea waves as well as the 
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corresponding changes in I,, I,, (I, #) and m, of the 
ship. But all considered changes can be realized on 
the pendulum and in this way can be obtained the 
maximum heeling angle of the ship by means of the 
reduced rolling phenomenon. 

When we have become acquainted with the use of 
the method of reduced rolling phenomenon, we can use 
our device to obtain the maximum heeling angle of a 
given ship of which the frequency of free oscillation 


of gyroscope together with its frame within the ship 


‘and the frequency of free oscillation 


are K times less than S, where S= 


I, max i, max 


As to the effect upon the size of the pendulum it 


is not desirable to increase the length of the bars 29, . 


30, 31 and 32 on which weights 43 to 50, inclusive, 
are mounted. Likewise it is not desirable to increase 
the length of the rods 83 and 84 on which weights 
79 to 82, inclusive, are mounted or to increase the 
size of the weights 43 to 50 and 79 to 82. We can con- 
sider, however, that the mentioned bars and rods are 
lengthened upwards and downwards and the weights 
moved away from the corresponding axes to the ex- 
tent necessary to increase the moment of inertia I, max 
and I, nax by a factor of K*. We imagine that the 
lengthening upwards is equal to the corresponding 
lengthening downwards and therefore the moments 
of oscillation M, and m, retain their values. In terms 
of frequency of oscillation this signifies a reduction 
in the frequency of oscillation of the pendulum 


max 


and in the frequency of oscillation of the 


gyroscope 74, =~ ’_by a factor of K times so as to 


max 


” 


M 
make them equal to the values and 


of the ship under consideration. Stated algebraically, 
these equations become 


=v Me ay V+ 


I, max max 


Also the swing number and the ratio “ define the 


x 


swing of the pendulum as well as the moment that 
acts upon the pendulum which corresponds to the 
analogous rolling moment which acts upon the ship 
under consideration. Since I, max and I, max are consid- 
ered as being increased K* times the swing number 


(I, »)? (I, 


I, max I, max 


becomes that is, the 


max K* max K* 


swing number of the imagined pendulum is reduced 
K* times. Since the swing number of the considered 
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ship, represented as N, must equal swing number of 


(I, »)* 
K+ max max 
is obtained. This can be accomplished by changing 
the axial velocity of the gyroscope 74 so that product 
(I, ©) becomes equal to product (I, )”. Then 
w)”? 
K* I, max max 


the imagined pendulum, the equation N= 


and (1, o) VN max max 


is reduced K? times since the mo- 


Also the ratio = 


xX max 
ment of inertia I, ma, of the gyroscope about the 
transverse axis is increased K? times. Since the ratio 


m, Zz 
corresponding ratio of the ship under consideration 
m, becomes m”,, which can be realized by change in 
the current of the electromagnet 78. If Q represents 
the mentioned ratio of the ship under consideration, 


of the imagined pendulum is to equal the 


m 
K* I, max 


Thus to cause the pendulum to represent the great- 
est angle of heel of the ship under consideration we 
must make m,, (I, »), I, and I, as big as it is shown 
above. But to obtain the proper magnitudes of I, and 
I, the movement of the weights 43 to 50, inclusive, 
and 79 to 82, inclusive, as noted above, would be nec- 
essary. As explained such movement is undesirable 
and since without this movement the necessary 


values fort" and = cannot be obtained the method 
y x 


of reduced rolling phenomenon is employed to re- 
produce a maximum angle of deflection of the pen- 
dulum equal to the maximum heeling angle of the 
ship under consideration. As mentioned above the 
frequency of oscillation of the ship is K times smaller 


than the maximum frequency of oscillation Y me 


ymax 


of the pendulum. 

Employing the method of reduced rolling phenome- 
non the frequency of wave oscillation 7 is consid- 
ered increased K times and the shape of the waves 
unchanged so that the greatest angle of inclination, 
¢, of the waves remains the same. 

Using the K times reduced rolling phenomenon, 
the moment of inertia of the imagined pendulum 
about its axis of swing which equals I, ax K* is re- 
duced K®? times so that it becomes equal to I, max. 
This can be realized by placing the weights 43 to 50, 
inclusive, at the extreme positions shown. Similarly 
the moment of inertia of the gyroscope 74 about its 
transverse axis, the value of which was assumed to be 
I, max K®, must be reduced K? times and becomes 
I, max. This is obtained by positioning the weights 79 
to 82, inclusive, as shown. The magnitudes of the 
brake number m”, and of the product (I, )” must 


also be reduced and by an amount equal to K times. 
Then the value of the mentioned brake number be- 
comes QK I, max and the value of the mentioned 


product becomes K\/N Iy max Ix max. The proper value 
of the brake number is obtained by changing the 
current in the electromagnet 78. The proper value of 
the mentioned product is obtained by changing the 
angular velocity » of motor 75. 


Io,ry’siny't 
R 


the pendulum and realizes the rolling moment 
M, ¢, sin yt which corresponds to the analogous 
rolling moment which acts upon the ship on the 
ocean, and that M,=I », y’ where 7’ is the frequency 
of the actual ocean waves. Because using the K times 
reduced rolling phenomenon we assume that the ac- 
tual frequency 7’ of the ocean waves is increased K 
times and becomes K y’, we conclude that M. must 
remain equal to the product I». K 7’, although the 
actual frequency of the waves is K times increased. 
Since the moment of oscillation of pendulum remains 
constant the product I». K y’ must remain constant 
too. This is possible if product I . is reduced K times. 
This can be realized by changing the angular ve- 
locity of the motor 70. 

The using of the device to reproduce the maxi- 
mum heeling angle of the ship by application of the 
reduced rolling phenomenon can be summarized in 
the following manner: 

1. The weights 43 to 50, inclusive, are placed as far 
from the axis of swing of the pendulum as possible. 

2. The weights 79 to 82, inclusive, are placed as 
shown. 

3. The angular velocity of the motor 75 of the 
gyroscope 74 must be of such value that the prod- 
uct of the moment of inertia of mentioned gyroscope 
about its own axis by its angular velocity equals 
KVN I, max Ix max Where N equals the swing number 
of the ship under consideration. 

4. By the change of the current of the electromag- 
net 78, make the brake number equal to Q K Ik max, 


It was shown that moment 


acts upon 


-—~of the considered ship. 


” 


where Q equals — 


5. By means of the series of gears 56 and 57, cause 
the shaft 58 to rotate with an angular velocity K 7 
where 7’ is the frequency of oscillation of the ocean 
waves. 

6. Fasten the bolt 61 to the disc 59 at such a dis- 


tance r from the center of the disc that the ratio€ 


equals the greatest angle of inclination of the waves. 

7. The angular velocity of the motor 70 of the gy- 
roscope 71 must be made of such value that the prod- 
uct of the moment of inertia of the gyroscope about 


M, 
its own axis by its angular velocity equal xy’ 
Y 


y’ is the frequency of oscillation of the ocean waves. 
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The pendulum of the device is suitable to give a 
graphical picture of the rolling movement of a gyro- 
scope stabilized ship. For this purpose a gear 86 is 
fixed upon shaft 11 so as to oscillate with the shaft. 
Gear 86 is meshed with a rack bar 87 sliding within 
a guide 88 carried by the standard 12, so that oscil- 
lation of the gear 86 produces a vertical reciprocating 
motion of the rack bar. A similar motion is produced 
in a stylus 89 secured to the rack bar. The stylus 
bears upon a paper wrapped around a drum assem- 
bly 90 which rotates at a constant speed so as to 
trace a curve upon the paper. An indicator diagram 
is thus formed, the ordinates of which are a measure 
of the angular deflections of the oscillation of the 
pendulum. 


Ending this article I would like to remark that the 
pendulum of the device is fit not only to represent 
the maximum heeling angle of the rolling of the ship 
under consideration, but permits complete investiga- 


M, m, 


tion of what values of the ratios and 
x - 4 

LI and what combinations of them are most fa- 


vorable. Moreover it is capable of demonstrating 
the gyroscopic action and can be used as a teaching 
device for leashed oscillations. It lends itself to more 
quantitative measurement than other models which 
demonstrate the action of the gyroscope. 


The French physicist J. B. L. Foucalt invented the gyroscope in 1852, using 
it to demonstrate the earth's rotation. For nearly fifty years, it remained 
little more than a scientific toy, until Elmer A. Sperry developed the marine ™ 
gyro-compass in 1911. Quickly adapted to aircraft instrumentation, naval 52 
gunnery control instruments, auto-pilots, and aircraft bombsights, the gy- 33 
roscope won an important role in military applications in the next few " 
decades. A striking and powerful application in World War II, developed 55 
by Dr. C. S. Draper, was its use in aircraft and anti-aircraft gun sights, ‘i 
where it automatically predicted and indicated the proper firing lead 58 
angle. Today it plays a vital role in the instrumentation of guided missiles 59 
by its use in stabilization and automatic navigation. Its promise in inertial 60 
navigation systems assures it of a continuing future in underwater, surface, 
air, and even space navigation. ei 
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“Application Problems with Petroleum Lubri- 
cants in Nuclear Power Plants”—R. F. Hausman 
and E. R. Booser; Lubrication Engineering, v. 
13, n. 4, Apr. 1957, pp. 199-202. The nuclear 
power plant presents some entirely new prob- 
lems with respect to lubrication of components. 
However, many of the lubrication requirements 
are not greatly different from present power 
plants. The following are particularly important: 
inspection of lubricants and equipment will be 
reduced; life of lubricants that are near the re- 
actor may be reduced; life of gaskets, hose and 
paints may be reduced. Radiation effects on 
lubricant life in some components of a typical 
nuclear power plant are: 


Lubricant 

Life-Hours 

Operating to Attain 

Dosage Level 10° Rads 

Component Rads/Hr Exposure 
Water Circulating Pump ......... 10° 10° 
Control Drive Mechanism ........ 10° 10° 


51-57 


Adequate shielding, proper selection of lubri- 
cants and replacement of lubricants will mini- 
mize the problem. 


“Review of Technical Progress by Brown Boveri 
in 1955/56”—The Brown Boveri Review, v. 44, n. 
4, Jan./Feb. 1957, pp. 5-108. This review covers 
work that has been accomplished in a number 
of fields including: steam turbines, condensa- 
tion and feed heating plants, atomic power 
plants, gas turbines, voltage regulation, switch 
gear relays, transformers, A.C. and D.C. motors, 
induction furnaces, medium frequency machines 
for induction heating, electric welding, compres- 
sors, gears, pressure charging, Diesel-electric 
traction. Photographs, curves, tables and draw- 
ings are included. 
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Number 


52-57 


53-57 


54-57 


59-57 


56-57 


590 


Abstract Title 


“Working with Outside Engineering Firms’—A. 
W. Richards; Machine Design, v. 29, n. 8, Apr. 
1957, pp. 114-118. Manpower, facilities and time 
can be obtained from outside engineering firms 
to aid in the solution of many varied problems. 
Types of engineering service organizations avail- 
able include: management, design, process, in- 
dustrial design, research, testing and market 
research. Advantages of obtaining services of 
outside organizations include the following: 
phases of a program can be handled by spe- 
cialists; equipment and facilities can be rented; 
peak load demand for manpower can be met; 
isolation from day-to-day production problems 
is feasible; variety of new problems are han- 
dled by personnel with experience; problems 
can be approached with objectivity. 


“The Packaging of Electronic Equipment”—S. C. 
Schuler; Journal of The Royal Aeronautical So- 
ciety, v. 61, n. 557, May 1957, pp. 335-344. Mois- 
ture protection and mechanical shock protection 
are major problems in the protection of elec- 
tronic equipment. Transit and handling shock 
and vibrations are discussed for vehicles, ships 
and aircraft. Vibrations on ships are generally 
in the range of 5-20 cps with amplitudes less 
than +0.03 in. Impact testing, cushioning ma- 
terials, instrumentation in packaging investiga- 
tions and packaging techniques are presented. 


“Structural Steels for Warship Building, with 
some Notes on Brittle Fracture”—Victor Shep- 
heard; North East Coast Institution of Engineers 
& Shipbuilders, v. 73, Part 6, Mar.-Apr. 1957, 
pp. 301-330. Developments in structural steels 
and hull structural design are discussed. Weld- 
ing research, brittle fracture research, develop- 
ment of new structural steels and development 
of high yield point steels are reviewed. Tables, 
photographs, and charts. 


“H. T. P. Cycle for Submarine Propulsion’”— 
The Marine Engineer and Naval Architect, v. 
80, n. 968, May 1957, pp. 159-161, The high test 
peroxide booster plant installed in H. M. Sub- 
marine Explorer is described. The submerged 
speed of the Explorer is believed to be consider- 
ably greater than that of the Nautilus. The ves- 
sel is propelled by twin screw double reduction 
geared turbines. The turbines are driven by a 
steam and carbon dioxide mixture which results 
from combustion of diesel oil in an atmosphere 
of oxygen and steam. Oxygen is formed by the 
decomposition of hydrogen peroxide. The tur- 
bine is of special design. Operation, transmission 
and fuel handling are described. 


“Instrumentation of Steam and Gas Circuits”— 
Nuclear Engineering, v. 2, n. 14, May 1957, pp. 
186-189. Steam and gas circuits in power reac- 
tors present instrumentation problems. The in- 
struments and controls are grouped as those re- 
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Number 


57-57 


58-57 


59-57 


60-57 


Abstract Title 


quired for safe operation; to assist in efficient 
operation; to check on specific component per- 
formance over certain time periods. Safety 
valves, static pressure, flow measurement, gas 
analysis, heat exchangers, feed water regulators, 
oxygen analyzer and infra-red gas analyzers are 
discussed. 


“New Compasses”—A. Hine; Research, v. 10, n. 
3, March 1957, pp. 97-107. The work that re- 
sulted in development of the Admiralty gyro- 
magnetic compass is described. This compass 
contains the best features of both the gyroscopic 
and magnetic units. The gyro-magnetic compass 
is ready for use in approximately ten minutes 
after switching on, while the gyroscope compass 
may require an hour to settle and about five 
hours to run up. 


“Bridging the Gap in the Gas Turbine’s History” 
—C. W. Smith; General Electric Review, v. 60, 
n. 3, May 1957, pp. 8-12. A historical review of 
significant events in the development of the gas 
turbine is presented. The military need for this 
prime mover added materially to its rapid suc- 
cess in aviation fields. However, a number of 
ground power plants, including Holzwarth’s de- 
signs, contributed to the success of aircraft en- 
gines. Development of the gas turbine is now 
pushing out into many fields. 


“Columbium and Its Uses”—G. L. Miller; Ma- 
terials & Methods, v. 45, n. 5, May 1957, pp. 131- 
135. Recent new discoveries of columbium min- 
erals have been made in Nigeria, Uganda, Kenya 
and Canada. These new sources make colum- 
bium a metal that is no longer scarce. Colum- 
bium has better oxidation resistance than mol- 
ybdenum. It also retains its ductility after being 
heated to elevated temperatures. Properties are 
dependent on the gas absorbed during process- 
ing. Hot working at 1800° F has been done by 
Battelle and the material still retained its duc- 
tility, indicating the oxide did not dissolve to 
any appreciable degree. Physical properties, 
corrosion resistance and mechanical properties 
are shown. Methods of production and fabrica- 
tion are discussed. It has potential use in nu- 
clear reactors because of its low neutron ab- 
sorption cross section. Jet engine applications 
are also attractive because of its good properties 
at high temperature. References. 


“Reheating as a Contribution to the Economy of 
the Marine Steam Turbine, with Special Refer- 
ence to the Installation in the SS Empress of 
Britain’—A. W. Davis; The Shipbuilder and 
Marine Engine Builder, v. 64, n. 589, Mid April, 
1957, pp. 295-301. The propulsion plant finally 
selected is described. Alternate designs that 
were considered are included. The plant incor- 
porates two shafts at 13,500 S.H.P. each. Boiler 
maximum capacity is 123,000 lb. per hr. They 
are Foster Wheeler controlled superheater type, 
with two furnaces. Reheat boiler generates 
58,000 lb. per hr. and will reheat 167,000 lb. per 
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hr. from 610° F to 850° F. The high pressure and 64-57 “Review of Heat-Transfer Literature—1956”— 
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62-57 


63-57 


intermediate turbines are multi-stage impulse 
type. The low pressure turbine is double flow 
reaction type. The actual all-purpose fuel rate 
was 0.537 lb. per S.H.P.-hr. The propulsion fuel 
rate was 0.495 Ib. per S.H.P.-hr. With the suc- 
cessful demonstration of the efficient operation 
of this reheat plant it is expected that the direct 
cycle will be less competitive in the future. 


“Applications for Glass Materials and Compon- 
ents”—J. K. Davis; Electrical Manufacturing, v. 
59, n. 6, June 1957, pp. 151-156, 384. Glass is 
widely used in a number of fields: for structural 
parts, glass components, and special purpose 
materials. As a structural material its unusual 
properties make it suited for electric lamp and 
electron tube enclosures. Sintered glass is used 
for television gun mounts, tube bases and head- 
ers. Metallized glass is suitable for hermetic and 
moisture impervious seals, Glass components 
include capacitors, resistors and ultrasonic de- 
lay lines. Special applications are: fused silica 
which can withstand gamma radiation up to 10'° 
roentgens and not show appreciable discolora- 
tion; photosensitive glass for electronic circuit 
boards; radiation-resistant glass which can serve 
as radiation shields and permit visual observa- 
tion; conductive glass for power resistors and 
heating elements. References. 


“High-Temperature Stainless Steel”—Edward 
A. Loria; Product Engineering, v. XXVII, n. 4, 
April 1957, pp. 135-139. Data is presented on 
eight stainless steels which were developed for 
airframes and also jet engines. These steels are 
suited for other applications where operating 
temperatures are in the 600-1400° F range. High 
temperature alloys, 1200-1400° F, include aus- 
tenitic H N M, H T X and A-286. The moderate 
temperature alloys up to 1200° F, include: 17-7 
P H, Am-350, 420, 422 and 422 M. Tensile, yield, 
rupture, heat treatment and fabrication data are 
presented. 


“Research in 1956”’—The Metropolitan-Vickers 
Gazette, v. X XVII, n. 452, March 1957, pp. 63-76. 
A review of some research work conducted by 
the company in 1956 includes: particle accelera- 
tors, high power radio valves, nuclear magnetic 
resonance, mass spectrometry, vacuum deposi- 
tion of metals, semi-conductors, molecular dis- 
tillation, metals, magnetic materials and equip- 
ment, acoustics, insulation and computation. In 
the field of acoustics work was done on gears, 
gas turbines, Diesels and marine power plants. 
Investigations were conducted to measure resid- 
ual machining stress in gear teeth. Research was 
carried out on vibratory stresses in turbine and 
compressor blading. Extensive investigation was 
made of the creep properties of 3% chromium- 
molybdenum steel for steam turbine rotor forg- 
ings. 


65-57 


66-57 


67-57 


E. R. G. Eckert, J. P. Hartnett, T. F. Irvine, Jr., 
and P. J. Schneider; Mechanical Engineering, v. 
79, n. 5, May 1957, pp. 433-444. Papers on heat 
transfer published during October 1955-October 
1956 are reviewed. Demands of aviation have 
resulted in new developments that have been 
responsible for research in heat transfer. Re- 
search effort has been done on: channel flow; 
natural convection heat transfer to rotating sur- 
faces; transition from laminar to turbulent flow; 
behavior of heat exchangers under transient 
conditions; time response of instruments includ- 
ing thermocouples; heat transfer in boiling and 
in liquid metal. Bibliography includes the num- 
ber of references as indicated in the following 
fields: heat conduction, 39; channel flow, 20; 
boundary-layer flow, 42; fow with separated re- 
gions, 4; natural convection, 14; free and forced 
convection from rotating surfaces, 8; transpira- 
tion and mass-transfer cooling, 12; change of 
phase, 12; radiation, 14; measurement tech- 
niques, 14; heat exchangers, 8; nuclear reactors, 
5; aircraft and missiles, 10; thermal stress and 
shock, 11. 


“Super Saturation in Steam Expanding from a 
Low Initial Quality’"—D. J. Ryley; The Engi- 
neer, v. 203, n. 5285, May 10, 1957, pp. 708-713. 
Experimental and theoretical work on super- 
saturated steam is described. Experiments, re- 
sults, a new three-phase flow theory, droplet 
growth factor, physics of droplet growth and pro- 
motion by reversion are included. It is concluded 
that, in low pressure turbines, considerable 
supersaturation will take pace in expansion ele- 
ments where the state point locus crosses the 
nominal saturation limit. References. 


“Centrifugal Boiler Compression Still”—K. C. 
D. Hickman; Industrial and Engineering Chem- 
istry, v. 49, n. 5, May 1957, pp. 786-800. The 
salt-water conversion method, employing the 
Badger-Hickman still is described. This still in- 
corporates a device that spreads the sea water 
out in a thin film and thus increases the rate of 
heat transfer to the water. It appears that the 
relative surface area of evaporator condenser 
can be reduced by a factor of 5 to 10 times. Ma- 
terial includes: early experiments, properties 
and parameters of stills, performance and ex- 
perimental data. 


“New Turbojet Test Beds”’—The “Bristol” 
Quarterly, v. 2, n. 4, Spring 1957, pp. 87-91. Test 
beds suitable for engines of 25,000 Ib. thrust, and 
with modifications up to 40,000 Ib. thrust are 
provided. Engines with exhaust reheat up to 
2000° K can be accommodated. Exhaust silenc- 
ing is accomplished by twin detuners. Air in- 
take silencing design includes a splitter system 
consisting of a series of sound-absorbent walls 
affording cranked passages. Primary and sec- 
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Abstract Title 


ondary control rooms are described along with 
instrumentation. Engine speed is measured by 
a Decatron counter. Compressor washing is 
done with a distilled water and paraffin mixture. 


“Residual Machining Stresses’—E. K. Henrik- 
son; The Tool Engineer, v. XXXVIII, n. 4, Apr. 
1957, pp. 92-96. Residual stresses caused by ma- 
chining operations can result in serious failures 
of mechanical components. Origin, mechanism of 
stress formation, stress from single point tools, 
stress from milling cutters and grinding stresses 
are discussed. Proper machining operations can 
reduce these stresses. 


“20,000—S. H. P. Nuclear Propulsion Plant’— 
R. P. Giblon and G. H. Kurtz; The Motor Ship, 
v. XXXVII, n. 442, Mar. 1957, pp. 518-522. The 
design features of a 20,000 SHP closed cycle gas 
turbine nuclear propulsion plant are presented. 
This plant would be suited for tanker propul- 
sion. Nitrogen was selected as the working fluid 
since it is relatively inexpensive, readily avail- 
able and is chemically inert. At design point of 
20,000 SHP the following conditions exist in the 
plant: gas enters the L. P. compressor at 115° F 
and 170 psia; enters the intercooler at 281° F and 
leaves at 115° F; enters the H. P. compressor 
and leaves at 263° F and 737 psia; enters the 
recuperator and is preheated to 773° F from 
L.P. turbine exhaust; enters the reactor and then 
to the H. P. turbine at 1300° F and 705 psia; 


Number 


70-57 


Abstract Title 


from the H. P. turbine the gas enters the L. P. 
turbine at 1008° F and 307 psia and leaves at 
830° F and 178 psia; then to the recuperator, the 
precooler and back to the L. P. compressor. The 
propulsion plant includes: a constant speed gas 
producer consisting of L. P. and H. P. compres- 
sors driven by a H. P. turbine; an intercooler 
between the compressors; a L, P. turbine which 
is geared to the propeller shaft. Starting, con- 
trols, cooling, installation, electric power gener- 
ating equipment, reactor refueling, cost, weight, 
efficiency and pumping equipment are discussed. 


“Some Aspects of the Application of Planned 
Maintenance to Marine Engineering’—W. H. 
Falconer; The Institute of Marine Engineers 
Transactions, v. LXIX, n. 2, Feb. 1957, pp. 37-58. 
Carefully planned maintenance can increase 
plant reliability and reduce operating costs. This 
is realized by elimination, as far as possible, of 
failures during operational periods when cost 
would be very high. Loss of a day’s availability 
during overhaul is estimated at £400 to £5,000 
depending on the size of vessel. Maintenance 
schedules can be effective if parts are examined 
at the end of their scheduled number of running 
hours. Recording machinery experience, colla- 
tion of data and performance testing are im- 
portant in maintenance program. Repair by re- 
placement is attractive and the practice is ex- 
pected to grow. Bibliography, charts, photo- 
graphs and discussions. 
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ENGINEERING THERMODYNAMICS 
by 
C. O. Mackey, W. N. Barnard, and F. O. Ellenwood 
Published in 1957 by John Wiley & Sons, Inc. 428 
Pages. Price: $7.95. Reviewed by Professor Arthur 
E. Bock, Department of Marine Engineering, 


U.S. Naval Academy 


Chapter one traces the development of heat en- 
gine power from the steam turbine of Hero of Alex- 
andria in 120 B.C. through the more recent accom- 
plishments of Parsons and de Laval. The progress of 
power from heat is traced through the developments 
of Savery, Newcomen, Watt, Hornblower, Trevith- 
ick, Stephenson, Fitch, Fulton, Stevens, Corliss, 
Sweet, Parsons and de Laval. All the former were 
involved either in fundamental improvements or re- 
finements in the field of steam engines and turbines. 
Similarly, development of the internal combustion 
engine from its earliest known form through the im- 
provements of Lenoir, Otto, Priestman, Stuart and 
Diesel are chronologically related. Finally, the gas 
turbine, the jet engine and the nuclear power plant 
are discussed in both present and proposed applica- 
tions. 

Chapter two defines a thermodynamic system, 
thermal equilibrium, the First Law of Thermody- 
namics and the fundamental concepts necessary to 
evaluate the changes undergone by a thermody- 
namic system. Properties of state, processes, cycles, 
heat and work, mass and energy, stored energy, in- 
ternal energy and flow work are either defined, de- 
scribed at length, or compared by analogy. 

Chapter three introduces reversibility as the re- 
sult of maintaining a progression of equilibrium 
states. In developing the non-flow energy equation 
and defining work as the Spdv, the author is thor- 
ough and meticulous in establishing boundaries and 
limitations. The difference between specific heat at 
constant volume and that at constant pressure is dis- 
cussed, but the explanation lacks both mathematical 
and descriptive clarity. Enthalpy is defined and its 
relationship to the constant pressure process is 
noted. Non-flow and steady flow energy equations 
are immediately associated with typical applications 
and one example of an unsteady flow situation is 
offered. 

Chapter four is a rather extensive coverage of the 
second law of thermodynamics, heat engines and heat 
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pumps, reversibility, irreversibility and the Carnot 
cycle, thermodynamic scale of temperature, thermal 
efficiency, coefficient of performance, entropy, avail- 
able energy and maximum and minimum work. This 
material, along with the development of the Maxwell 
relations, coefficient of expansion equations and the 
Joule-Thompson coefficient in chapter five lay a 
strong foundation for the analysis of any type of 
thermodynamic system. 

It is the writer’s impression that in the early pages 
of chapter four, a few more diagrams of the p-v, T-s 
type would powerfully assist the theoretical discus- 
sion. The coverage of fundamentals in both chapters 
two and four is extensive and exact. 

Chapter six discusses the characteristics and be- 
havior of gases. Utilizing Boyle’s law and Charles’ 
law the relationship between the absolute and rela- 
tive scales of temperature measurement is deduced 
and the perfect gas equation of state derived. In the 
majority of engineering problems, the properties of 


_ real gases at low pressures may be approximated by 


the perfect gas equation of state; However, in cer- 
tain applications, particularly at high pressures and 
low temperatures, the assumption that a real gas or 
vapor will obey the perfect gas equation of state is 
not sufficiently precise. Consequently, to describe 
the behavior of these real (imperfect) gases and va- 
pors over a complete range of pressures and temper- 
atures, the van der Waals and Beattie-Bridgeman 
equations of state are introduced and explained in 
detail. The author also discusses the feasibility of ex- 
tending the range of applicability of the perfect gas 
equation of state by the use of compressibility cor- 
rection factors. The values of the constants for vari- 
ous working substances for the van der Waals and 
Beattie-Bridgeman equations of state are presented 
in convenient tabular form; however, the reader is 
left to his own devices to ascertain the numerical 
value of the compressibility correction factor. In this 
connection, the inclusion of generalized compressi- 
bility charts, such as those utilized by H. C. Weber in 
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“Thermodynamics for Chemical Engineers,” pre- 
senting the compressibility correction factor as a 
function of the reduced pressure and reduced tem- 
perature would be most helpful. 

On the basis of the kinetic theory of gases, the 
classical relationships for enthalpy and internal en- 
ergy are introduced and developed in differential 
form. The perfect gas equations and energy rela- 
tionships are further used to develop methods for 
evaluating the change of entropy in any process. An 
excellent feature of this chapter that is not com- 
monly found in engineering thermodynamics texts 
is an extensive explanation of the variation of spe- 
cific heat with temperature from the kinetic theory 
viewpoint. Utilizing spectroscopic data, empirical re- 
lationships are presented for computing the specific 
heat of gases at low temperatures. 

Chapter seven is an excellent presentation of 
steady, one-dimensional, compressible flow of per- 
fect gases. Treating first isentropic flow with area 
variation, and utilizing the perfect gas relationships 
and the conservation of mass and energy, the author 
derives Euler’s equation and introduces the concepts 
of isentropic stagnation temperature and isentropic 
stagnation pressure. Combination of the Euler equa- 
tion and the continuity equation leads to the identi- 
fication of the critical conditions and to the develop- 
ment of equations for the computation of the critical 
flow characteristics. Classical discussions of adia- 
batic flow with friction and frictionless flow with 
heat transfer are lucidly presented. In developing 
the equations for the Fanno and Rayleigh lines, the 
author places particular emphasis upon previously 
developed perfect gas relationships and the funda- 
mental concepts of the conservation of mass and en- 
ergy. The discussion of steady, one-dimensional flow 
of perfect gases concludes with a brief treatment of 
flow discontinuities. The nature of the compression 
shock wave and the variation of the fluid properties 
across the compression shock wave are discussed. 
Appropriate equations are presented for the compu- 
tation of the fluid properties across the normal com- 
pression shock wave as a function of the Mach num- 
ber. 

Chapter eight presents gas mixtures from a phys- 
ical-thermodynamic viewpoint laying the basis for 
further studies in phase and chemical equilibria and 
reaction kinetics. The usual developments and 
proofs of partial pressure relationships and the in- 
tensive properties, i.e., apparent gas constant (R), 
internal energy, specific heat, and entropy of gas 
mixtures is included in the treatment. Special em- 
phasis is given to the air-water system which in- 
cludes the psychrometric vocabulary and consider- 
able sample problem work. Compression and expan- 
sion of gas mixtures and specifically the air-water 
system are discussed. The effect of mixing on the 
Gibbs Function is presented. As introduced, the 
Gibbs Function seems to appear here mainly to 
plague the already belaboured student as the appli- 
cation of the function does not appear in later chap- 


ters. In the interest of standardization, it would seem 
advisable to use standard abbreviations. Gibbs first 
identified this function by the Greek letter sigma 
and called it free energy. Lewis and Randall used 
the symbol “F.”’ Other texts employ “G.” Prof. Mac- 
key reaches the alphabetical end by calling it “Z.” 
The only criticism offered is the appearance of cer- 
tain constants and relations which have been in ac- 
tive use for many pages without identification. 

Chapter nine, entitled “Ideal Gas Reactions” cov- 
ers stoichiometric calculations presented via sample 
problems and dwells on thermochemistry, chemical 
equilibrium, and the evaluation of gas phase equili- 
brium constants based on the Third Law of Thermo- 
dynamics for gaseous systems at various tempera- 
tures. This section ends with a method to calculate 
adiabatic flame temperatures. It is the opinion of 
this writer that much of the material presented 
would be of limited interest to engineers outside the 
field of chemistry. This chapter is meticulously writ- 
ten. Assumptions and restrictions of proofs are em- 
phasized. 

Air compressors are discussed in chapter 10. Re- 
ciprocating compressors are discussed in the classi- 
cal manner and a study of axial and centrifugal type 
compressors is undertaken with vector and momen- 
tum analyses. Drawings, operating pressures and ca- 
pacities of industrial type compressors are included. 

The topic of gas power cycles is introduced by a 
review of the cyclic concept and a discussion of the 
mean effective pressure. In successive order the au- 
thor thoroughly covers air engine cycles, the Carnot 
cycle, the Otto cycle, the Diesel cycle, the dual com- 
bustion cycle, the Stirling and Ericsson cycles and 
the Brayton cycle. 

For a piston engine, a high mean effective pressure 
indicates that the engine will deliver high torque 
per unit of size, thus permitting a low initial cost for 
an engine of a given power output. The thermal effi- 
ciency is indicative of the cycle output per unit of 
fuel consumed. Thus, comparing engines burning 
fuels of approximately equivalent cost, a high ther- 
mal efficiency is indicative of an economical engine 
from the fuel cost viewpoint. For each cycle con- 
sidered, equations for the mean effective pressure 
and the cycle thermal efficiency are developed, thus 
accomplishing a direct comparison on the basis of 
these parameters. An excellent example of a cycle en- 
ergy balance is presented for an open Otto cycle, and 
a numerical comparison of the air-standard and real- 
mixture standard is afforded. 

Particular attention is devoted to the family of air 
breathing thrust producing engines operating on 
the Brayton cycle. The thermodynamic and propul- 
sive aspects of ram jets, pulse jets, and turbo jets 
are discussed along with certain elements of rocket 
propulsion. At the conclusion of the chapter the au- 
thor indulges in a brief discussion of the effects of 
such innovations as staging, intercooling, regenera- 
tive heating, and reheating upon gas turbine per- 
formance. 
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The presentation on the properties of vapors is in 
the classical manner using a heat addition process 
in a cylinder with weighted piston. Saturated liquid 
and vapor lines are established on pressure-specific 
volume and temperature-entropy coordinates and 
all following discussion on specific properties is 
based on these diagrams. Basic equations tor prop- 
erty changes are also given and tied in with the dia- 
gram material. Phase diagrams on the relationship 
of vapors to solids as well as liquids are included. 
The handling of vapor problems by both steam ta- 
bles and charts is illustrated with particular empha- 
sis on the Ellenwood or enthalpy-specific volume 
charts. Typical processes are illustrated by the use 
of sample problems enabling the student to trace 
the method of solution clearly. The particular pro- 
cesses of conversion to kinetic energy in a nozzle 
and throttling in a calorimeter, both sources of diffi- 
culty to many students, are covered in considerable 
detail including a good discussion of the types of 
nozzles and calorimeters in use. 

In chapter thirteen, energy transformation in tur- 
bines is approached both from impulse and momen- 
tum principles using vector force analysis and from 
thermodynamic reasoning involving energy rela- 
tionships. The two methods are well tied together 
through discussion and diagrams. Enough material 
on staging, axial versus radial flow, and actual tur- 
bine types is presented to form a good basis for more 
advanced study. 

The material on power cycles of vapors empha- 
sizes, as is to be expected, those cycles employing 
steam as the working substance. The basic Carnot 


cycles for vapors are briefly discussed along with 
theoretical methods of obtaining these cycles, but 
the chapter deals primarily with the Rankine cycle 
and its various modifications. This discussion is pre- 
sented in considerable detail and uses excellent 
equipment and temperature-entropy diagrams to 
clarify the various Rankine processes. Both ideal 
and actual cases are considered. A good general de- 
scription of binary vapor cycles is included with ap- 
propriate diagrams and this leads into a section on 
simple atomic reactor cycles. While brief, this sec- 
tion could again form a basis for more advanced 
work by the interested student. 

Chapter fifteen provides a rather complete treat- 
ment of refrigeration for a basic thermodynamic 
text. After using the standard of ideal perform- 
ance, the reversed Carnot cycle, to introduce re- 
frigerating terms and definitions, six difierent prac- 
tical systems are covered in sufficient detail to 
permit problem solution. The various properties of 
the common refrigerants are listed and discussed. 
Mollier type charts for ammonia and aqua ammonia 
are included but the student is left to search out 
handbook data on the common Freon refrigerants. 

This rather lengthy analysis of each section of the 
book emphasizes the individual strong and weak 
points from this writer’s viewpoint. Overall comment 
must indicate that the book has been carefully writ- 
ten, well organized, and generally well illustrated. 
As a text book it would probably best be described 
as comprehensive. As a reference book, it contains 
sufficiently wide coverage to make it most desirable. 


THE SCIENCE OF ENGINEERING MATERIALS 
Edited by 
J. E. Goldman 
Published by 
John Wiley and Sons 


510 pages 


This book contains 18 papers each of which was 
written by a scientist who is outstanding in the sub- 
ject discussed. The papers were lectures on the im- 
pact of Solid-State Science on Engineering Mate- 
rials, based on the Proceedings of the Carnegie 
Conference held at Carnegie Institute of Technolo- 
gy in June 1954. 

The Conference was held for a discussion of re- 
cent technical developments in solid-state science 
and to explore ways and means of including these 
in engineering curricula. 

The time has come or nearly so, when the engi- 
neer will not go to the shelf for materials to which 
he must adapt his designs. Instead he will specify 
the materials which he will require and will call on 
the science of the solid-state to “design and manu- 
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facture” them to his specifications. Under this condi- 
tion it is essential that, in his basic education, the 
student engineer learn much about the solid-state. 

The Conference consisted principally of educators 
who visualized the need and faced the problem of 
how to merge the science of the solid-state with the 
other knowledge which an engineer requires. The 
book places before the reader, the science of the 
solid-state so that he who reads will appreciate the 
problem and be in a position, as circumstances per- 
mit, to spread the word as to the basic need of solid- 
state knowledge to the engineer of today and to- 
morrow. 

The book is arranged into six Parts. In these the 
papers are grouped by subject matter. A list of the 
Parts, the subjects and the authors should be suffi- 
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cient to prove the real worth of the book and its 
real value to engineers and scientists alike. These 
are: 


PartI. The Structure of Matter 


1. Applications of Solid-State Science in Engi- 
neering: An Introductory Survey 
By Harvey Brooks, Gordon McKay Profes- 
sor of Applied Science, Harvard Univer- 
sity. 
2. Structure of Atoms and Atomic Aggregates 
By John Bardeen, Professor of Theoretical 
Physics and Electrical Engineering, Uni- 
versity of Illinois; Nobel Laureate in 
Physics 1956 
W. Bitler, Assistant Professor of Metal- 
lurgical Engineering, Carnegie Institute 
of Technology 
J. E. Goldman, the Editor, Manager, 
Physics Department, Scientific Labora- 
tory, Ford Motor Company. 
3. Accomplishments and Limitations of Solid 
State Theory 
by Harvey Brooks. 
4. Crystal Imperfections 
By John Bardeen. 


Part II. Metals and Alloys 


5. The Metallic State; Theory of Some Proper- 
ties of Metals and Alloys 
By Roman Smoluchowski, Professor of 
Physics, Carnegie Institute of Technology. 
6. Electron Theory of Alloy Formation and 
Elastic Properties 
By Harry Jones, Professor of Mathematics, 
Imperial College, London. 
7. Dislocations in Solids 
By Roman Smoluchowski. 
8. Dislocation Theories of Mechanical Properties 
By Harry W. Paxton, Assistant Professor of 
Metallurgical Engineering, Carnegie In- 
stitute of Technology. 
9. Experimental Evidence for Behavior of Dis- 
locations 
By Earl A. Parker, Professor of Metallurgy 
and Chairman, Division of Mineral Tech- 
nology, University of California. 


10. Phase Transformations in Metals and Their 
Influence on Mechanical Properties 
By T. A. Read, Professor and Head of De- 
partment of Metallurgical Engineering, 
University of Illinois. 


Part III. Surfaces 


11. Surface Phenomena : 
By Robert Gomer, Associate Professor, In- 
stitute for Study of Metals, University of 
Chicago. 


Part IV. Magnetism and Magnetic Properties 
12. The Theoretical Basis of Magnetic Phenomena 
By J. E. Goldman. 
13. The Physics of Magnetic Materials 
By R. M. Bozorth, Member of the Technical 
Staff, Bell Telephone Laboratories. 


Part V. Semiconductors and Dielectrics 
14. The Physics of Semiconductors 
By K. Lark-Horovitz, Professor and Head 
of Department of Physics, Purdue Uni- 
versity, and 
V. A. Johnson, Professor of Physics, Pur- 
due University. 
15. Semiconductor Devices 
By E. M. Conwell, Research Physicist, Syl- 
vania Electric Products Company, and 
W. J. Leivo, Professor of Physics, Okla- 
home A & M College. 


Part IV. Non-Crystalline Materials 
16. Some Aspects of the Physics and Chemistry 
of Cement 


By Stephen Brunauer, Senior Research Sci- 
entist, Portland Cement Association. 
17. Molecular Structure and Mechanical Behav- 
ior of High Polymers 
By Turner Alfrey, Jr., Director Polymer 
Research Laboratory, Dow Chemical 
Company. 
18. The Physics of Glass 
By T. Harrison Davies, Director, Pittsburgh 
Plate Glass Fellowship, Mellon Institute. 


BRITTLE BEHAVIOR OF ENGINEERING STRUCTURES 


y 
Earl] R. Parker 
Published in 1957 by 
John Wiley & Sons, Inc. 
440 Fourth Avenue, New York 16, N. Y. 


323 Pages 


This book was prepared for the Ship Structure 
Committee under the general direction of the Com- 
mittee on Ship Steel, National Academy of Sciences 


Price $6.00 


—National Research Council. It summarizes the 
available information on the brittle behavior of steel 
in engineering structures. It contains a discussion of 
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the theories and mechanism of failure, a review of 
test methods used for evaluating relative brittle- 
ness, interpretations and summaries of test results, 


a discussion of the effects of welding composition 
variations on notch toughness, and a report of serv- 
ice failures. 


HIGH-SPEED SMALL CRAFT 


Peter DuCane 
Second Edition published in 1957 by 
Philosophical Library, Inc. 
15 East 40th Street, New York 16, N. Y. 


324 pages 


This revised edition provides more basic theoreti- 
cal material than did the first edition. Several new 
chapters are included: The Principles Underlying 
the Performance of Planing Craft in Theory and 


Price $15.00 


Practice; Rudder Design in Plan Form and Section; 
Reinforced Plastics for Boat-building; Light Alloys 
in High-Speed Craft; Propelling Machinery; and 
Use of Models for Prediction of Behavior in Rough 
Water. 


CARGO SHIP LOADING 
by the 
MARITIME CARGO TRANSPORTATION CONFERENCE 
Published in 1957 by 
National Academy of Sciences—National Research Council 
91 pages 


This analysis of general cargo loading operations 
in selected ports of the United States was under- 
taken on the recommendation of members of the 
Board of Advisors of the Maritime Cargo Transpor- 
tation Conference (MCTC) of the National Academy 
of Sciences—National Research Council. The “Car- 
go Ship Loading” study is a sequel to the “SS War- 
rior” study, in which cargo ship loading was isolated 
as one of the general cargo transportation process 
segments most susceptible to significant improve- 
ments. 

The loading study analyzes in detail the loading 
process in various U. S. ports and shows the extent 


to which the present break-bulk system is operating 
below its capability. It also identifies and evaluates 
the gains in productivity which can be achieved by 
certain technical improvements which do not in- 
volve a change in the basic system. The results are 
intended to provide a quantitative basis for future 
comparisons of the existing break-bulk loading sys- 
tem with unconventional loading systems under 
consideration by the maritime industry. The impor- 
tance of the human relations problem became very 
apparent when attempts were made to isolate and 
identify the causes of observed inefficiencies in the 
current utilization of machinery and manpower. 


THE CASTING OF STEEL 
Edited by 
W. C. Newell 
Published in 1957 by 
Philosophical Library, Inc., 
15 East 40th Street, New York 16, N. Y. 


599 pages 


According to the editor, Dr, Newell, who was for- 
merly Head of Steel Castings Division, British Iron 
and Steel Research Association, this book is intend- 
ed for skilled foundry workers, engineers respon- 
sible for designs incorporating steel castings, de- 
signers of foundry equipment, and metallurgical 
students wishing to specialize in foundry work. 

Profusely illustrated, this book contains 13 chap- 
ters, with headings as follows: 

1. Properties of the Liquid Metal 
2. The Mechanism of Solidification 
3. The Melting Process 

4. The Use of Refractories 
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Price $27.50 


5. Pattern Making 

6. Mold Preparation and Core Making 
7. Casting into Sand Molds 

8. Centrifugal Formation of Castings 
9. The Investment Casting Process 

0 


10. The Heat Treatment and Properties of Steel 
Castings 

11. Mechanical Testing, Physical Properties, Spe- 
cifications 


12. Radiography 
13. Non-Destructive Testing (Methods other than 
Radiography) 


REAR ADMIRAL 
JOSEPH JOHN 
BROSHEA, U.S.N., 
(Retired) 


On Sunday, the second of 
June, 1957, Rear Admiral “Joe” 
Broshek, the Society’s 36th 
President, died at the Naval 
Hospital in San Diego, Califor- 
nia. 

Admiral Broshek graduated 
from the Naval Academy in 
1908. In 1915, after having 
served at sea in conventional 
billets for five years, he com- 
pleted a two-year post graduate course and received the Master of Science 
degree from Columbia University. His specialty was electrical engineering. 

When Congress authorized the special designation of Engineering Duty Only, 
Admiral Broshek was among the earliest naval officers who were selected and 
designated as “E.D.O.” During World War I he served as Engineering Officer 
on the transport USS George Washington. Thereafter he filled many impor- 
tant engineering posts, including duty at the Brooklyn Navy Yard, the Post 
Graduate School at Annapolis and the Bureau of Engineering in the Navy 
Department. 

During World War II Admiral Broshek served as Head of Ship Maintenance 
in the Bureau of Ships, which shortly before had succeeded the Bureau of 
Engineering in which he had contributed so much during the years between 
the wars. For outstanding work as Head of Ship Maintenance, Admiral Bro- 
shek was awarded the Distinguished Service Medal. 

Admiral Broshek, at the time of his death, had been a member of the Amer- 
ican Society of Naval Engineers for 42 years, having joined on 16 March, 1915, 
while receiving his postgraduate education. In 1942 he was elected to serve as 
President of the Society during 1943, which he did with distinction. He was 
one of our war-time presidents who, in spite of very pressing official duties 
and, in the face of material shortages and interfering priorities, kept the So- 
ciety going and growing, and maintained the Journal without a single lost or 
delayed issue. 

Admiral Broshek’s wife predeceased him by several years. During a long 
illness before his death, he lived with a niece, Mrs. Lillian B. Rose of Santa 
Ann, Calif. 

Admiral Broshek was buried on 6 June, 1957, in the National Cemetery at 
Fort Rosecranz in San Diego. 
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Captain C. S. McDowell, U.S. Navy, Retired 


On Thursday, 18 July 1957, Captain C. S. Mc- 
Donald, U.S. Navy, Retired, at the age of 72, 
died in Hillsborough, Calif. Captain McDowell 
had been a member of the Society for 43 years, 
continually since joining on 4 February 1914. 


Captain McDowell graduated from the U.S. 
Naval Academy in 1904. Among his achieve- 
ments were the establishment of the Submarine 
School at New London, Conn., in which he had a 
part; and the installation of the great telescope 
at Mount Palomar in California for which he was 
the Engineer in Charge. 


It becomes the sad duty of the Society to announce 
the death of the following: 


Broshek, Joseph J., Naval Member 
Champlain, Harry Perry, Civil Member 
Cheyney, Charles C., Civil Member 
Gordon, Curtis A., Civil Member 
Lefebvre, Gordon, Civil Member 
McDowell, C. S., Naval Member 

Thau, W. E., Associate Member 
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CHANGES IN MEMBERSHIP 


ADDITIONS TO MEMBERSHIP 


It is with much pleasure that the Society announces 
the following additions to its membership since the pub- 
lication of the May, 1957 Journal: 


NAVAL 


Alfano, William A., Jr., Lieutenant j.g., U.S.N.R: 
ConvAIR 
Mail: 1032 Calaveras Drive, San Diego 76, Calif. 


Anderson, Joseph Clary, Commander, USNR 


Sales Manager, Industrial Products Div. Boeing Air- 
plane Co. 
P.O. Box 3707, Seattle 24, Wash. 


Barrett, James M., Lieutenant, USCG 


The Babcock & Wilcox Co., Atomic Energy Div., 
Lynchburg, Va. 


Boehm, William Robert, Commander, USN 


Industrial Manager, 10th Naval District, c/o Fleet 
P.O., New York, N.Y. 


Borkas, Richard Edward, Lieut. j.g., USNR 


Engineer, Bethlehem Steel Co., Shipbuilding Div. 
Mail: 42 Dearborn St., Medford 55, Mass. 


Brice, John Eldred, Lieutenant, USN, Electronics Engi- 
neer, Bureau of Aeronautics, Navy Dept. 


Mail: 5821 Atteentee Road, Springfield, Va. 


Bryant, John Dixon, Lieutenant, USN 
Mail: c/o E. S. Metcalf, Damariscotta, Me. 


Cline, Ford Robert, Captain, USNR, Supervising Engi- 
neer, Bureau of Ships, Navy Dept. 
Mail: 2609 N. Nottingham St., Arlington 7, Va. 


Coutre, Clarence, Jr., Lieutenant, USN 
Charleston Naval Shipyard, Charleston, S.C. 


Culver, John Arthur, Lieutenant, USNR, Marine Engi- 
neer, Bureau of Ships, Navy Dept. 
Mail: 1001 Gilbert St., Rockville, Md. 


D’Entremont, Richard L., Lieutenant j.g., USN 


USS Gitiican (DE 508) c/o Fleet P.O., San Fran- 
cisco, Calif. 


DeLuca, Joseph D., Commander, USN 
Mail: 5626 Regia St., San Diego, Calif. 


Edelson, Burton I., Lieutenant, USN 


Supervisor of Shipbuilding 
c/o American Shipbuilding Co., Cleveland 2, Ohio 


Hansen, Corwin A., Commander, USNR 


Airborne Instruments Laboratory, Inc. 
Mail: Bobehan Court, RFD 5, Huntington, N.Y. 


Hardy, Richard, Lieut. Commander, USNR 


General Electric Co., 777 14th St., N.W., Washing- 
ton, D.C. 


Harris, Lyman Charles, Lieutenant, USN 
Mail: 70 Marble Hill Ave., Apt. 5-K, New York, N.Y. 


Hohenstein, Clyde Gilbert, Ensign, USN 
USS STEPHEN Porter (DD 538), 
c/o Fleet P.O., San Francisco, Calif. 


Kommers, William James, Lieutenant, USNR, Ret. 
Head, Fuels & Lubricants Branch, Interna] Com- 
bustion Engine Laboratory 
Engineering Experiment Station, Annapolis, Md. 
Mail: 100 Riggs Ave., Serverna Park, Md. 
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Louchheim, William S., Lieutenant, USN 
USS Ertan (AK 79), c/o Fleet P.O., San Francisco, 
Calif. 


Lutken, Donald Curry, Ensign, USNR 
Plant Supt., Delta Steam Electric Station 
Box 1071, Cleveland, Miss. 


MacLean, Jay Robert, Lieutenant, j.g., USN 
Mail: 1428 South Cedar St., Spokane, Wash. 


Morgan, Warren F., Commander, USNR 
Federal Electric Corporation, P.O. Box 34, Lodi, N.J. 


Myers, Jacob Christian, Captain, USN 
213 Prince St., Alexandria, Va. 


Nichols, Robert Howard, Ensign, USN 
Pearl Harbor Naval Shipyard, Repair Div. Bldg. 24, 
Navy 128 
c/o Fleet P.O., San Francisco, Calif. 


Ogden, Edward George, Lieutenant, j.g., USN 
USS GLennon (DD 840) c/o Fleet P.O., New York, 
N.Y. 


Piersall, Charles Homer, Ensign, USN 
USS Gruican (DE 508) c/o Fleet P.O., San Fran- 
cisco, Calif. 


Richardson, William Harrell, Captain, USNR 
The Ramo Corp., 1300 Connecticut Ave., N.W., 
Washington 6, D.C. 


Riley, William John, Lieutenant, USNR, Ret. 
Supervisor, Ira S. Buchey & Sons, Inc. 
Mail: 8105 Fourth Ave., Brooklyn 9, N.Y. 


Sholl, Samuel Alfred, Commander, USNR 
RD No. 1, Georgetown Road, Bordentown, N.J. 


Swebson, Erick N., Lieutenant, USNR 
Code 810, B2, Bureau of Ships, Navy Dept. 
Mail: BOQ, US Naval Receiving Station, Washing- 
ton, D.C. 


Vorhaben, William Soland, Ensign, USNR 
122 Delashaise St., New Orleans 15, La. 


Walter, Alfred H., Lieutenant, j.g., USCG 
22 Cambridge Road, Norwood, Mass. 


Walton, Robert J., Lieutenant, USNR 
Manager, Marine Dept., Electro Rust Proofing Corp. 
Main St., Belleville 9, N.J. 


Wynne, Donald Malcolm, Lieutenant, USN 
USS Warrincton (DD 843), c/o Fleet P.O., New 
York, N.Y. 
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Albright, Albert A., Asst. Manager, Marine Sales 
The Cooper-Bessemer Corp. P.O. Box 751, Mt. Ver- 
non, Ohio 


Barrie, Stanley P., Project Engineer, H. K. Ferguson Co. 
Mail: Wander Inn Trailer Court, Route 33, Barahoo, 
Wis. 


Berendsen, Raymond C., Manager, Engineering, Missile 

and Ordnance Systems Dept., Ordnance Section, 

Ordnance Systems Dept., General Electric Co. 
M&Os, Pittsfield, Mass. 


Hampton, John K., Washington Representative, Detroit 
Diesel Div., GMC., 1625 Eye St., N.W., Washington, 
Be. 


Harvey, John F., Engineering Section Head 
Babcock & Wilcox Co., Barberton, Ohio 


Leven, Samuel, Chief Engineer, Industrial Compressors, 
Joy Mfg. Co., Michigan City, Ind. 


Lynn, George Francis, Manager of Ship Sales, New York 
Shipbuilding Corp. 
Mail: 125 Colwick Road, Merchantville 8, N.J. 


Schutter, Carl Wilhelm, Chairman of the Board, Carl W. 
Schutters Corp., 86 East Homtauk Highway, Linden- 
hurst, N.J. 


Tempia, Louis 
Marine Engineer, Bureau of Ships, Navy Dept. 
Mail: 4408 2d St., N.E., Washington 11, D.C. 


ASSOCIATE 
Hall, William Purnell 
President, Maryland Shipbuilding & Dry Dock Co., 
P.O. Box 537, Baltimore 3, Md. 


Harris, George K. 
Manager, sales, Light Military Electronic Equip- 
ment Dept. General Electric Co., 
French Road, Utica, N.Y. 


Jory, William H. 
Senior Vice President, Maryland Shipbuilding & Dry 
Dock Co., P.O. Box 537 
Baltimore 3, Md. 


Marsh, John Urie 
Manager, Maxim Marine Laboratory 
Mail: Millstone Point, Waterford, Conn. 


Martinson, Albert Mathias, Jr. 
Design Engineer, Dravo Corp. 
Mail 1221 Grouse Drive, Pittsburgh 16, Pa. 


REJOINED 
Gerber, Henry L., Civil Member 


RESIGNED 
Lancaster, Frederick G., Jr., Associate Member 


ASSOCIATION NOTES 


ORIGINAL ARTICLES 


The editor of the JouRNAL is most anxious to obtain manuscripts of original 
articles on subjects of interest to naval engineers. Any manuscript accepted for 
publication becomes the property of the Society which copyrights it upon pub- 
lication. Authors are paid from $50.00 to $250.00 depending upon length, interest 
and professional value. Payment is made at time of acceptance. 


The rules for manuscripts are as simple as we can make them. 


1. They must be legible (typewritten, double-spaced preferred) since no 
proof is submitted to authors for correction prior to printing. 


2. Single copy only is required. 


3. Mathematical formulae used must be set up, preferably by hand printing, 
so that there can be no question as to symbols, subscripts and exponents. 


4, Any drawing submitted must be black on white. A cloth or paper tracing 
is acceptable but not required. 


5. Photographs may be negatives, but glossy prints are acceptable. 


6. Include on a separate page a short biographical sketch(es) of the au- 
thor(s). 50 to 100 words for each author is desired. 


Manuscripts should be addressed to: 


Secretary-Treasurer 

American Society of Naval Engineers, Inc. 
1012 14th St., N.W. 

Washington 5, D.C. 


Each author who is subject to the Security Regulations of the Department of 
Defense, is personally responsible for the clearance of an original article before 
submitting it to the Society for consideration. In forwarding manuscripts, a 
statement in this regard should be included. 


Manuscripts accepted will not be returned unless specifically requested by 
the author. If returned, they will be in the condition which has resulted from 
the work of the printer and the engraver. Immediately following publication, 
the author is furnished 20 reprint copies of his article free of charge. Additional 
copies may be purchased from the Society if the request is received 30 days 
prior to the publication date which is the 25th of the issue month. Estimate of 
cost of additional reprints, which will vary with the nature of the article and 
the number of copies ordered, will be furnished on request as soon as possible 
after the article is set up. 


Manuscripts not accepted will be returned, postpaid, by the Society. 


Manuscripts which are accepted will be published in the earliest JouRNAL 
which has not yet been closed (60 days before publication) and for which suf- 
ficient material is not already on hand. 
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PHOTOGRAPHS 


Photographs of current or historical interest to readers of the JouRNAL are 
desired. Any which are accepted by the Society will be purchased by the Society 
at a standard price of $5.00 each. Such purchase will not include any copyright 
by the Society, but the contributor must hold the Society free from any charge 
of violation of any previous copyright. 


NOTICE OF DEATHS 


The Society has no satisfactory machinery for obtaining notice of deaths of 
members. It is particularly desired that we receive such notice upon the death 
of any past officer, past member of the Council or member of more than twenty 
years’ standing with photographs and short obituaries. It will be appreciated 
greatly if any member who learns of the death of a member will advise the 
Secretary-Treasurer. 


SOCIETY LAPEL BUTTONS 


We have a new supply of lapel buttons, in the form of the Society’s official 
seal. These may be purchased by any member for fifty cents ($0.50) each. 

By decision of the Council the official coloring of the Society seal is as it ap- 
pears on the cover of this Journal. This is a reversal of the colors on the old lapel 
buttons. The size, one-half inch in diameter, remains the same. 

Any member who wishes to exchange an old button for a new one may do so 
free of charge. Just send in the old button with your name and address, 


PERMISSION TO REPRINT 


All material published in the JourNAL, except the articles which are prefaced 
with an “Acknowledgement,” are copyrighted by the American Society of 
Naval Engineers. 

Permission is granted to reprint any copyrighted material contained herein 
if the following conditions are met: 

a) The article is reprinted in full. Extracts or summaries or condensations 
may be printed with the consent of the author. 

b) Credit is given to the JourRNAL with reference to the issue. 

c) Credit is given to the author. 

d) If the author is a military officer or a civilian employe of the Department 
of Defense, the following note shall be carried: 

“The views expressed herein are the personal opinions of the author and are 
not necessarily the official views of the Department of Defense or of a Military 
Department.” 
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ASNE FINANCIAL STATEMENTS 1955 


STATEMENT OF INCOME AND EXPENDITURES 


EXPENDITURES BALANCE STATEMENT 
Publication: Assets January 1, 1955. $64,644.88 
a... re $21,905.86 Assets December 31, 
Engraving .......... 2,449.68 1955: 
Manuscript ......... 5,887.50 $ 4,500.70 
902.02 Potty Cash ......... 200.00 
Commission and Accounts Receivable: 
Discount... 286.00 Advertisements ....$ 3,594.59 
Exchange .......... 38 $31,431.44 1,742.60 
Salaries 12,686.10 Subscriptions ....... 446.50 6,333.90 
General Expense .... 6,367.35 ———__—_ 
Bad Debts & Investments: 
Miscellaneous ..... 1,687.50 U. S. Defense Bonds, 
Social Security ..... 52.71 G $52,000.00 
Washington Gas Light 
$52,225.10 Ce, 997.50 52,997.50 
Publication: Banquet 1956 ......... 105.45 
Advertisements ..... $ 7,487.50 Manuscript Paid in 
Regular Dues ....... 23,508.14 1,897.50 
Junior Member Dues. 348.75 te 
338.16 $68,043.44 
Subscriptions ....... 14,409.75 Liabilities (Account- 
ing Only): 
$46,092.30 Dues Paid in 
Interest on Invest- Advemce. $ 360.65 
OSS REE 1,425.00 Subscriptions Paid in 
Banquet 1955 ...... 1,025.21 48,542.51 Advance ......... 6,558.00 
Advertisements Paid 
NET LOSS $ 3,682.59 in Advance ...... 112.50 
Brand Award ...... 50.00 $ 7,081.15 
Net Assets December 
NET LOSS $ 3,682.59 


Respectfuly submitted 


J. E. HAMILTON, Secretary-TREASURER 


This has been 
Audited and Found Correct 
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ASNE FINANCIAL STATEMENTS 1956 


STATEMENT OF INCOME AND EXPENDITURES 


EXPENDITURES BALANCE STATEMENT 
Publication: Assets January 1, 1956. $60,962.29 
EE $28,117.72 Assets December 31, 
Engraving .......... 3,106.79 1956: 
Manuscript ......... 6,304.87 $ 1,099.75 
Commission & Accounts Receivable: 
2,353.30 $40,410.65 Advertisements ..... $ 2,924.91 
1,828.82 
General Expense ...... 6,354.49 Subscriptions ....... 525.00 5,829.71 
Bad Debts & 
Miscellaneous ...... 1,313.68 Investments: 
Social Security ....... 6.40 U. S. Defense Bonds, 
Series G $32,000.00 
$62,514.00 Washington Gas Light 
Co Bonds... 997.50 
INCOME Perpetual Building 
Publication: Association ....... 9,000.00 
Advertisements ..... $13,073.60 Equitable Saving & 
Regular Dues ....... 24,019.81 Loan Association .. 10,000.00 51,997.50 
Junior Member Dues 378.75 2,620.68 
Subscriptions ....... 15,100.75 Manuscript paid in 
$53,136.43 $62,576.09 
Interest on Invest- Liabilities 
$ 1,294.00 (Accounting Only) 
Banquet 1956 ....... 1,740.18 56,170.61 Advertisements paid 
in Advance ....... $ 165.00 
NET LOSS $ 6,343.39 Dues paid in Advance 745.32 
Subscriptions paid in 
Advance ......... 6,999.00 
Brand Award ....... 41.00 
Social Security Tax.. 6.87 7,957.19 
Net Assets December 
NET LOSS $ 6,343.39 
Respectfully submitted 
J. E. HAMILTON, Secretary-TREASURER 
Thas has been 


Audited and Found Correct 


606 


A.S.N.E. Journal, August 1957 


| 
i 


APPLICATION FOR MEMBERSHIP 
IN THE AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 


(See reverse side for required qualifications for various classes of membership) 


Date 
| ___ hereby apply for membership 
in the American Society of Naval Engineers, Inc., and enclose $7.50 as my an- 
nual membership dues for the year ______ $6. 00 of which is for a subscrip- 


tion to the JoURNAL OF THE AMERICAN Society oF NAVAL ENGINEERS, INc., for © 
one year. I submit the following information: 


For Naval Membership 


Name 


(First) (Middle) (Last) 
Rank ans File No. 


Business connection and position, if any 


For Civil Membership 


Name 


(First) (Middle) (Last) 
Years in engineering work 


Years in responsible charge of important work 


Present business connection and position 


Recommended by (two members) 


For Associate Membership 


Name 


(First) (Middle) (Last) 


Rank, if Commissioned Officer of U.S. Army 
or of foreign military or Naval service 


Business connection and position 


Recommended by (one member) 


Signature of Applicant 


Address for JouRNAL and Mail 


MAIL TO SECRETARY-TREASURER 
THE AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 
Suite 1004, Continental Building 
1012 14th St., N.W. 

Washington 5, D.C. 
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QUALIFICATIONS FOR MEMBERSHIP 


Commissioned and ex-commissioned officers of the regular Navy, Marine Corps 
and Coast Guard of the United States; warrant and ex-warrant officers of the regular 
Navy, Coast Guard and Marine Corps of the United States; reserve commissioned and 
warrant officers of the Navy, Coast Guard and Marine Corps of the United States 
shall be eligible as Naval Members. Persons eligible as naval members shall be ad- 
mitted upon application and payment of annual dues. 


Persons in civil life whose knowledge of engineering is such that they can co- 
operate with Naval engineers in the promotion of professional knowledge may be 
eligible as civil members. They shall have been in active practice of an engineering 
profession for at least eight years and in responsible charge of important work for 
five years, and shall be qualified to design as well as to direct engineering work. Ful- 
filling the duties of a professor of engineering who is in charge of a department in a 
college or school of accepted standing shall be taken as an equivalent to an equal 
number of years of active practice. Graduation from a school of engineering of recog- 
nized standing shall be considered as equivalent to two years of active practice. 
Persons eligible as civil members may be admitted upon application and payment of 
annual dues, provided that the application is accompanied by the recommendation 
of two members and provided that the application shall receive the approval of a 
majority of the Council. 


Persons in civil life who are not eligible for civil membership, but who are espe- 
cially interested in naval matters or the merchant marine may be eligible as associate 
members. Commissioned officers of the United States Army and of foreign military 
and naval services may be eligible as associate members. Persons eligible to associate 
membership may be admitted upon application and payment of annual dues, provided 
the application has the recommendation of a member and provided the application 
shall receive the approval of a majority of the Council, except that in the case of com- 
missioned officers of the United States Army and of foreign naval and military serv- 
ices, the recommendation of a member will not be required. 


Associate members shall be entitled to all the privileges of other members except 
voting and holding office. 


The annual dues shall be $7.50, payable on 1 January in advance, of which $6.00 
shall be for subscription to the Journat of the American Society of Naval Engineers, 
Inc., for one year. 
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Secretaries of the 
AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 


Captain J. E. Hamilton, U. S. Navy Retired, Secretary-Treasurer 
Captain Robert B. Madden, U. S. N. Assistant Secretary-Treasurer 


Past Secretaries 


1889 P.A. Engineer R. S. Griffin, U. S. Navy 

1890 Assistant Engineer W. M. McFarland, U.S. Navy 
1891 Assistant Engineer Emil Theiss, U.S. Navy 
1892-93 P. A. Engineer W. M. McFarland, U. S. Navy 
1894-95 P. A. Engineer R. S. Griffin, U. S. Navy 
1896-97 P. A. Engineer F.C. Bieg, U.S. Navy 

1898 P.A.Engineer W. M. McFarland, U.S. Navy 
1899 Chief Engineer A. B. Willits, U.S. Navy 

1900 Lt.Cmdr. A. B. Willits, U.S. Navy 

1901 Lieutenant B.C. Bryan, U.S. Navy 

1902 Lieutenant C. W. Dyson, U.S. Navy 

1908 = Lt. Cmdr. John R. Edwards, U.S. Navy 

1904 Lieutenant M. E. Reed,U.S. Navy 

1905 Lieutenant W. W. White, U. S. Navy 

1906 Lieutenant C. K. Mallory, U.S. Navy 
1907-08 Lt. Comdr. T, C. Fenton, U. S. Navy 

1908-10 Lieutenant H. C. Dinger, U. S. Navy 

1911 Commander U. T. Holmes, U.S. Navy 


1912 Lieutenant John Halligan, U. S. Navy 
Lt. Comdr. E. L. Bennett, U.S. Navy 


1913 Lieutenant O. L. Cox, U.S. Navy 


1914 Lt. Comdr. H. C. Dinger, U. S. Navy 


1915-16 Lieutenant A.T. Church, U.S. Navy 

1917 Lt. Comdr. J. O. Richardson, U. S. Navy 
1917-19 Lt. Comdr. F. W. Sterling, U. S. Navy 
1919-21 Commander J. S. Evans, U. S. Navy 
1921-23 Commander S. M. Robinson, U. S. Navy 
1924-25 Commander Bryson Bruce, U. S. Navy 
1926 Commander A. M. Charlton, U.S. Navy 
1927-28 Commander H. B. Hird, U. S. Navy 

1928 Captain O. L. Cox, U. S. Navy 

1929-30 Commander H. T. Smith, U.S. Navy 

1931 Captain O. L. Cox, U. S. Navy 

1932 Commander H. F. D. Davis, U. S. Navy 
1933-34 Commander H. B. Hird, U.S. Navy 
1935-36 Commander C. S. Gillette, U. S. Navy 
1936-38 Commander Roger W. Paine, U. S. Navy 
1938-40 Lt. Comdr. Guy Chadwick, U. S. Navy 
1940-44 Captain J. E. Hamilton, U.S. Navy 

1945 Commander R. T. Sutherland, Jr., U. S. Navy 
1945-48 Captain F. W. Walton, U.S. Navy 


1948-51 Captain J. E. Hamilton, U.S, Navy 


Past Assistant Secretaries 


1939-40 Lieutenant Milo B. Williams (C.C.) U. S. Navy 
1941-44 Lieutenant Robert T. Sutherland, U.S. Navy 
1944 Captain F. W. Walton, U. S. Navy 


1944-47 Commander Floyd B, Shultz, U. S. Navy 
1947-49 Commander C. H. Meigs, U. S. Navy 
1949-50 Commander Frank C. Jones, U. S. Navy 


Clerk and Administrative Assistant 


1908- Mr. Arthur G. Fessenden 


*Names in italics deceased 


* 
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